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A STUDY OF THE DYNAMICS OF CORTICAL NERVE 
FUNCTION VI CHARACTERISTICS OF THE RE¬ 
CEPTIVE FUNCTION OF THE CEREBRAL 
CORTEX FOLLOWING THE UNCON¬ 
DITIONED STIMULUS*' 


Gorky Medical Institute, Moscov) 


P Anociiin and E Straj 


Tlie pioblem of the interrelationship between conditioned and 
unconditioned reactions is of basic importance to the theory of con¬ 
ditioned reflexes, and is closely connected with the problem of the 
formation of single behavioi patterns This problem aiose first in 
the laboiatory of Dr Pavlov in connection with the possibility of 
foiming a conditioned lefiex in the presence of a distorted sequence 
of indifferent and unconditioned stimuli 

Krestovnikoff, using an indifferent stimulus three-tenths second 
after the beginning of feeding, discovered tliat with such a distorted 
sequence the conditioned reflex was not formed. The conclusion 
was that the application of an unconditioned stimulus causes an in¬ 
hibitory piocess m the cortex. Since the laws of induction of 
nervous processes, positive as well as negative, were formulated in 
Pavlov’s laboratory, the impossibility of forming the conditioned ic- 
flex in the presence of a distorted sequence was explained on the basis 
of a negative induction from the unconditioned digestive center This 
point of view was stiengthcned by a senes of subsequent investiga¬ 
tions in Pavlov’s laboratory, in which the effect of the unconditioned 
stimulus was tried upon ,in already established and well fixed con¬ 
ditioned reflex 

One of us (P Anochm) has shown In Pavlov’s laboratory that 
the application of the original conditioned stimulus for several days 
in this fashion, results in a decrease of its conditioned secretory 
activity This result was explained then on the ground that the 
application of the conditioned stimulus, immediately after the be¬ 
ginning of feeding, creates a conflict in the cortex between the nega¬ 
tively induced inhibitory piocess due to the feeding and the positive 

^Received in the Editorial Office on Apul 13, 1936 
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process resulting irom the given conditioned stimulus Similar ex¬ 
periments were subsequently performed by a number of investigators 
in Pavlov's laboratory and identical results obtained (M. K. Petrova, 
Solovcicliik, Wright) Later when the optimal time relationships 
between the indifferent and unconditioned stimuli were studied more 
accurately by AV. I Pavluwn it was shown that the conditioned 
reflex may be formed with "overcovenng,” but being very labile 
and inconstant it quickly disappears. This fact was proven re¬ 
cently more fully by Vinogradoff. All these experiments lead to 
the conclusion that though the conditioned reflex may be formed in 
the presence of a distorted sequence, it is extremely unstable 

Since the investigation of cortical nerve function by the method 
of conditioned reflexes has stepped out of the confines of Pavlov’s 
laboratory, a number of investigators have attempted to attack this 
important problem on other subjects and with different methods. 

Schnieimnn, for example, of Bechtcrev’s laboratory, has shown that 
the working out of a stable conditioned defense reflex in man in the 
presence of a distorted sequence of the given stimuli—electrical 
current and indifferent stunului—is quite possible Unfortunately, 
the necessary methodical conditions (the time interval, the possible 
generalization) were not strictly observed in this experiment. 

A number of investigators of this problem, chiefly American 
authors, have shown that >uch a reflex either docs not form at all or 
proves to be very unstable in man 

Cason has shown on the pupillaiy and winking reflex that the 
production of a conditioned reflex with a reverse sequence is im¬ 
possible. 

Using the knee jerk and skin galvanic reflexes as indicators, Swit¬ 
zer finds that the formation of a conditioned reflex with a reverse 
working out is difficult It was only in the case of knee jerks that 
he noticed in two out of five subjects a mere suggestion of a con¬ 
ditioned response Schlossberg, too, studying conditioned knee jerks, 
found that the most effective interval between the indifferent and 
unconditioned stimuli is the interval of .20-.44 sec 

It follows from the above described material that the problem of 
the formation of unconditioned reflexes in man in the presence of a 
distorted sequence of stimuli is far from being solved; the majority 
of investigations point out the impossibility of such formation, posi¬ 
tive results are very scarce. 
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Wolfle, in Ills study of the defense conditioned reflex, withdi awing 
of the fingei, comes to the same lesults 

Some authors have studied the same problem on mice, using the 
labyrinth method, and have obtained similar negative results, eg,, 
Cair and Freeman came to the conclusion “that the revcise forma¬ 
tion of the conditioned reflex is probably impossible “ 

Yarborough, applying electrical stimuli to mice, comes to the 
conclusion that it is practically impossible to obtain a conditioned 
reflex in the presence of a reveise sequence of the indifferent anil 
unconditioned stimuli 

This variety of results concerning the “xetiograde" formation of 
the conditioned leflcx gave Wenrick the right to speak of the “riddle 
of the conditioned reflex.” 

The principal cause for the contiadictoiy repoits appears to bp, 
according to Wennek, the extreme variability of the conditioned 
lesponse and its dependence upon numerous factors, e g, time mtei- 
val, intensity of the applied stimuli, age, species of animal, etc. It 
seems to us that these conditions undoubtedly exercise an influence 
in general on the formatron of a conditioned reaction, but that they 
can hardly be accepted as deteirainmg those nervous processes which 
make the formation of conditioned reflexes diflicult The point¬ 
ing out of these conditions give us the possibility of mastering 
a method foi the foimation of conditioned reflexes, but it could not 
explain the close interrelationship and mutual influence of the con¬ 
ditioned and unconditioned stimuli. That is why Pavlov's hypothe¬ 
sis which establishes the influence of the unconditioned stimulus up¬ 
on the cortex and therefore also on the conditioned reflexes accord¬ 
ing to the principle of negative induction, goes much furthei than 
a mere statement of the time relationships between the applied 
stimuli 

This hypothesis, while giving the geneial chaiactetistics of the 
processes that take place during the action of the unconditioned 
stimulus, leaves out, howevei, many problems which arise upon a 
closer examination of these piocesses. 

And indeed, how does this negatively induced piocess spread it¬ 
self in the coitex^ Does it embiace the whole cortex, or only those 
systems winch aie associated with the digestive leactions'* Is the 
receptive function of the coitex possible duiing the action of un¬ 
conditioned stimuli, and in geneial is the associative function of 
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the central nervous system as a whole possible duiing such a 
moment’ 

All these questions inevitably arise ns soon as we approach a 
finer analysis of the composition of the uncondUioncil and condi¬ 
tioned reactions. 

In one of our papers (P Anochin and E. Strcsz.) we have shown 
that the special substitution of the unconditioned stimulus in the 
process of the experiment—meat, instead of the usual biead—brings 
about very complicated changes in the neivous activity involving 
the subcortical as well as the cortical apparatus, because of the 
functional connection of its complexes. 

These investigations convinced us that negative induction of the 
coitex resulting fiom the application of an unconditioned stimulus 
is not universal for the whole cortex, but that on the contrary some 
of Its systems enter into a positive, more intensive than usual, con¬ 
nection with the unconditioned stimulus. 

That is why we concern ouiselves in the present investigation 
With a more detailed study of cortical function duiing the whole 
period of the application of the unconditioned stimulus 

Apparatus^ 

In choosing the method of investigation we decided to utilize the 
U'calth of possibilities for analysis which Pavlov's method of con¬ 
ditioned reflexes offers, but along with it we thought it nccessniy 
to introduce into this method the possibility of synthesis of com¬ 
plicated neivous acts The most complete synthesis of nervous 
activities expresses itself in what is ordinarily called “active choice." 

The animal organism stands out in this “active choice," from 
the standpoint of its nervous manifestations, as a dynamic whole, 
and these manifestations must fully characterize the behavior of 
the animal. 

Introducing a specially constiuctcd stand and placing the animal 
in the identical condition of the classical experiment for the condi¬ 
tioned reflexes, wc obtained a combination of the two above men¬ 
tioned principles. 

The stand has two plates in the right and left side and the animal 


‘This method has been described in detail (P Anochin) 
lure It is presented here briefly for Ameiican readers. 


in Russian Litera- 
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FIGURE 1 

SCHEML OF EXPHRI.MtNTAL STAND FOR THE SIMULTANEOUS STUDY OF SECRETORY 
CONt>nvO«7R RV.YLEXES MOYUR CWOlCR OT DoCpS 

llie movements of the dog are exactly rccoided by Marey’s capsules, 

in the center of the stand has the usual conductor foi pneumatic 
transmission on a manometei and an electric writing-needle (Fig¬ 
ure 1). The uppci plank, of the stand balances on a central hinge 
and Its swings aie transmitted on capsules—^with the help of two 
rubber balloons» into the experimenter’s room. 

Since any of the conditioned stimuli may be connected with either 
side of the stand we have the possibility of placing the animal m a 
condition whereby we can study not only the secretory effect of any 
given stimulus, but also the animal’s active choice of one or the 
other side—which makes it possible to study simultaneously the 
secietory and motoi function of the animal. 

With the above described technique we appioached the solution 
of our problem 

The Experiment 

Pi 101 to the development of the “overcoveiing” proper according 
to the above described technique we peifoimed a number of tests 
in order to study the cortical activities duiing the action of the un¬ 
conditioned stimuli. 

This series of expei iments can be divided into thi ce periods 

(rt) Tlie giving of the conditioned stimulus on the left side dur¬ 
ing feeding on the light without the reinforcement on the corre¬ 
sponding left side. 

(I/) The giving of the conditioned stimulus during feeding on 
one side leinfoicing it with a second plate on the opposite side. 

(c) The giving of the opposite plate only without a preliminary 
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conditioned stimulus, at different intervals of action of the uncondi¬ 
tioned stimulus of the given side 

The experiments of the first period were performed in the follow¬ 
ing order! the animal had two old, stable conditioned stimulr a 
bell on the left side and a tone A for the right side, Tlie dog was 
given as usual the ton^A, reinforced with food on the coi responding 
right side. At two seconds after beginning of the meal the ringing 
tone was discontinued, and three seconds Liter when the animal was 
still continuing to eat, the bell, the conditioned stimulus of the left 
side, was introduced, the action of which was finished several sec¬ 
onds before the end of the meal. 

The first trials of this kind have shown that the animals do not 
manifest objectively any effect of the second conditioned stimulus 
and that they return after the meal to the middle of tlie stand. On 
the basis of these observations one might think tlmt the conditioned 
stimulus given secondarily does not produce any changes in the 
cortex of the large hemispheres, and remains therefore unnoticed by 
the animal. Some peculiarities in the behavior of tlie animal make 
us believe, however, that the situation is somewhat different Usu¬ 
ally after feeding, in connection with a given conditioned stimulus, 
the animal returns to the middle of the stand and waits there till 
the next conditioned stimulus. Here, howcvci, after the introduc¬ 
tion of the second conditioned stimulus during the fcedmg> the 
animal, after getting through with the meal, runs several times to 
the opposite side, le., to the one which the '^overcovering" condi¬ 
tioned stimulus signals, and persistently sniffs the plate And since 
this “ovcrcovcred" stimulus was not reinforced with food m thi=: 
initial set of experiments, the animal stopped coming ovei to the 
opposite side after 6 to 8 trials 

These experiments convince us, therefore, that the conditioned 
stimulus, given during feeding, is perceived by the animal in its 
proper meaning, i e , as a feeding signal on the opposite side Be¬ 
cause of the absence of adequate support, its action could not develop 
to such an extent as to give a corresponding motor reaction 

Wc began therefore to reinforce the “oveicovercd” conditioned 
reflex on the corresponding left side 

The very first application of reinforcement convinced us tliat the 
conditioned stimulus given during eating develops all the neivou', 
activities characteristic of it On the first giving of the food on the 
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left Side dujing the meal on the right, the nnimal mteirupts its meal 
on the right side and runs to the left There it eats the given por¬ 
tion and returns to consume the remaining food on the right side. 
True, It was the sound of the plate that the animal was responding 
to, because to the conditioned stimulus itself it did not respond at 
first But the sound, nevertheless, repiesente a definite conditioned 
stimulus and its action must therefore spread primarily m the cortex 
of the large hcmispheies We are giving here a curve which shows 
the conditioned motoi reactions to the sound of the plate (Figure 2). 



FIGURE 2 

After the /^-ToNE Ceased and the First Feeding (Right Feedino-Cup) 
Was Given, a Beil Was Rung, Skinaiizing Left Side-Feeding 
The bell itself did not stimulate any motor reaction of the dog, but the 
appearance of the left fecding-cup caused a quick motor reaction to the 
left (marked by the cioss) After eating the portion on the left side, the 
dog tinned back to the right and ate the food remaining there 
Upper line run to the left; second line, run to the right, third line, secretory 
reaction, fourth line, conditioned stimulation, fifth line, unconditioned 
stimulation; sixth hne, tune-mark (intervals of 2 seconds). 

It was further shown that after five lemforcements of the "ovet- 
covered” conditioned stimulus with the corresponding plate, the 
stimulus in itself became sufficient to interrupt the meal and bring 
out a motor reaction to the right side. We piesent a curve of one 
of such experiments in which the “overcovered*’ conditioned stimulus 
has interrupted the cuive of the unconditioned reflex (Figuie 3) 
Tlie above expciiment is interesting in several lespects. To the 
fiist conditioned stimulus the bell, the animal did not respond with 
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FIGURE a 

Positive Conditioned Reaction to i4-ToNE, Given When the Animal, 

Was Fed 

No! hndijig: sn;' b/cad at tbc aide tor whtcb the ^vus given the dog 

returned again to its former place At the sound of ihe feedlng-cup» how¬ 
ever, (he dog ran again to the right nnd ate the hrend there 

the usual motor reaction, the response occuned only upon the pres¬ 
entation of food Eight seconds after the beginning of feeding, 
the second conditioned tone J wms ^ven and as seen from the cuivc 
It interrupted tlie eating, bringing out a motor ic.iction to the 
opposite plate. Wot finding any food theic, because it was scivcd 
Cfily 15 seconds after the giving of the "oveicovcred" conditioned 
stirmil-us, the animal returned to the left side and continued to eat 
the first portion But the sound of the plate to the tone /I would 
again provoke a motor reaction to the right side, and the animal 
began to eat the food in the right. 

Having finished iti as seen from the graph, the animal ictuincd to 
the left side and finished the remaining food there The above giaph 
shows that the receptive function of brain cortex of the experimental 
animal is not reduced during the feeding, but that it is incieased in 
respect to digestive stimuli The proof lies m the fact that the ani¬ 
mal did not manifest any motor tcuction to the first Strong- condi¬ 
tioned stimulus (the bell), but to the second, weaker stimulus 
(tone A) given during eating it responded with a veiy complicated 
motor excursion to both sides of the stand. This case is not an 
isolated one, motor reaction to an “ovcrcovered” conditioned stimu 
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Ills takes place very frequently with any combination of stimuli. 
As for example, in the very same experiment, the cuive of which 
was just presented, we obtained a motor reaction, to the opposite side, 
when the bell was given after the tone The animal would leave 
the food on one side, run to the opposite side and wait there per¬ 
sistently, as long as the “oveicoveied” stimulus was eftective, the 
serving of the plate It is necessaiy to point out here that all of 
our conditioned stimuli signal the same unconditioned stimulus, in 
quality as well as in quantity (25 gm of toast) 

It is also impoitant to point out that after the introduction of 
the second feeding in connection with the additional conditioned 
stimulus, the animal would, as a rule, aftei finishing the meal on 
one side run to the opposite side and sniff the plate, even when 
only one of the stimuli was given As it normally returns to the 
middle of the stand aftei completing the meal, we have to recognize 
this lunning to the opposite side as a newly developed conditioned 
motoi leaction Wc draw particular attention to this circumstance 
since this development was taking place during the action of the 
unconditioned stimulus. 

We became interested in finding out the dependence of the motor 
conditioned reaction upon the time of serving of the second plate in 
relation to the beginning of eating of the first With this in mind 
we perfonned a whole series of experiments, giving the plate only 
during eating on one side This plate was served at difterent inter¬ 
vals after the start of the eciting process 

These expeiiments were justified in that one might have assumed 
a difference of action of the unconditioned stimulus on the cortex 
duiing the different moments of eating We have taken the follow¬ 
ing time intervals 5, 8, 10, 12, 15, 20 seconds. We give here a 
compound table of a number of experimental days with tests at 
different time mteivals (Table 1). 

The cross in the giaph lepiescnts the motor reaction of the ani¬ 
mal to the serving of the opposite plate during eating of the fiist 
portion This leaction has no definite relation to the time interval. 

But along with it stands out quite clearly the dependence of this 
leaction upon the numbei of applications one obseives a gradual 
development of a negative reaction although the animal, after 
finishing the fiist poition, lushes over to the opposite side where a 
plate was placed while it ate the first portion 
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'I'ABLE 1 


Time inlervnl be¬ 
tween the begin¬ 
ning of tbe first 
feeding and the 
serving on the oppo¬ 
site side 248 

5 seconds 

4- 

S seconds 

+ 

10 seconds 

— 

12 seconds 

+ 

15 seconds 

4 

18 seconds 

— 

20 seconds 

4 


Number of ihe experiments 


+ — - — — — - — 


This indicates that the animal fully perceived the sound of the 
plate, but after a while began to postpone the reaction till the end 
of the meal One can haidlv associate this fact with an increased 
inhibitory action of the unconditioned stimulus on the cortex, rather 
should one accept it as a special form of the animal’s adaptation to 
the new condition of the experiment And indeed, even during the 
period when the plate stopped exeicismg its influence, the appli¬ 
cation of the artificial conditioned stimulus during the process of 
eating, would interrupt this process and bring about a motor reac¬ 
tion of the animal. 


The reaction, "going away from food,** to the sound of the plate 
began to fade, but returned upon the application of the conditioned 
stimulus It IS difficult to associate the obtained reaction of going 
away from food with any state of food stimulation In some cases 
It manifests itself at the end of the experimental day, not showing 
itself at the beginning of the day, and in others the leversc takes 
place 


One can therefore make but one certain statement concerning this 
reaction; it is extremely labile and subject to many modifications. 

In the second part of our investigation we decided to utilize 
such peculiarities of the cortex of the large hemispheres which 
we observed during the action of the unconditioned stimulation, 
The cortex is capable, during the action of the unconditioned stimu¬ 
lus, of performing complicated associative acts It is, liowcver, 
essential that this activity should proceed accoiding to the lule. 
“signal-remforcement.” 

Taking all this into consideration wo decided to work out a con- 
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dinoned reflex to a new, indifferent stimulus, applying it in the 
usual "oveicoveiing” manner, i c., seveial seconds after the be¬ 
ginning of eating, introducing, however, the very essential addition 
that this stimulus was the signal for feeding on the opposite side. 
The whole combination of stimuli had to assume, therefore, the 
following form • The old conditioned stimulus, tone Aj is given at 
first, being reinfoiced with food in the coiresponding left side cf 
the stand Aftei tlie beginning of eating, a new conditioned stimu¬ 
lus, FAN IS intioduced which lasts 15 seconds and is discontinued 
half a second befoie oi .it the moment of introduction of the plate 
on the opposite (liglit) side The basic condition of this combina¬ 
tion IS obviously the fact tliat the new stimulus was acting only 
duiing the application of the unconditioned stimulus. It was thought, 
of course, that the animal would run to the opposite plate without 
food, only then could one speak of maintaining the principle "sig¬ 
nal -f- reinfoicement.” 

The fact that the animal towaids the end does not interrupt 
eating to run to the opposite plate, but consumes both portions, 
indicates that it adapted itself more economically to the new situa¬ 
tion of the expel iment A similar process occurs evidently m those 
cases when the rat picks the shot ter route of the labyrinth, avoid¬ 
ing the longei one 

To obtain a constant motor reaction to the sound of the plate we 
peiformed the following* if the animal did not interrupt eating at 
the solving of the opposite plate we automatically removed this 
food and replaced it with an empty plate. As the experiments show, 
the animal reacted to this proceduie witli a quick motor reaction 
to the opposite plate, the one it used to ignoie previously Further- 
moie, there manifested itself a veiy interesting detail indicating the 
high degiee of activity of the cortex of the large hemisphere duiing 
the action of the unconditioned stimulus. After the food liad 
been lemoved seveial times, the animal began to interrupt eating 
systematically as soon as the opposite plate would be given And 
since the sound of the FAN in this set of experiments always pie- 
ceded the taking away of food, we obtained here quite unexpectedly 
a new conditioned rc.iction As soon as we introduced the FAN 
duiing the feeding peiiod in the left, the animal would begin to swal¬ 
low quickly the given poition, fill its mouth and run to the opposite 
side This cinious fact convinced us that the indiffeient stimulus 
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FJN given during the csting process, though unnoticed by the ani¬ 
mal, became both a conditioned signal of removal of one and the 
serving of another portion of food on the opposite side. 

This serves only as additional proof of the concept that stimuli, 
acting in the central nervous ss^tem during the action of uncondi¬ 
tioned stimuli may enter into a diversity of combinations with differ¬ 
ent nervous complexes The fact that on the eighteenth application 
of the FJN the animal left the food on the left side and ran to the 
right even before the serving of the plate on that side is a final 
confirmation of the above conclusion (Figure 4) 



FIGURE + 

The Doo I.rft the Foon at the Right Side, Ram to the Lpft ahg Awaited 
Confidently at the Chosen Feeding-Cup 

This first conditioned motor leaction to the sound of the FAN 
possesses a definite direction and persistence. After tearing itself 
from food on the left side, the animal awaits quite stubbornly (about 
8 seconds) food on the right side. We attempted further to stabilize 
this reflex, training it 50 times in the same setting, and then making 
the isolated tual in the usual sequence, “Fjdfh?’-rcinforcement,” with¬ 
out the preliminary giving of food and the other conditioned stimulus 
One has to take into consideration, of course, all that we have 
said previously concerning the modification of experimentation dur¬ 
ing important tests 

In the conditions of our expeiiment, the FAN, which is usually 
given only with food, is given for the first time separately. Tlie 
experiment has shown that the animal jrcacts to the isolated FAN 
with an increased oiientcd investigative reaction, but the secretory 
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FIGURE S 

Fjrst Isolated Stimulation by Fan After 50 Overlappings 
Note the motor reactions to the left (marked with cross) and the abundant 
secretory reaction The dog docs not choose the side at random, since 
during nil the 15 seconds of isolated stimulation he atnnds near the chosen 

feeding-cup 

and motor reactions were quite distinct, the last being quite ade¬ 
quate to the side where the I'AN was usually reinforced (Figure 5). 

The persistent motor reaction (maiked with a cioss) to the left 
side and a consideiable conditioned secretory reaction are seen on 
this curve quite distinctly 

This last test fully convinoed us that the cond^tloned-leflex 
activity during the action of the unconditioned stimulus may take 
place quite normally without any increase in time for its develop¬ 
ment. This test practically solved the basic problem we were con¬ 
fronting From then on we gave the isolated FAN only, according 
to the usual method, paying particular attention to the character of 
the motor reaction, as well as to the conditioned secretory com¬ 
ponent The latter giving with the first application 45 and 30 
scale divisions in 15 seconds, remained subsequently at about the same 
level, indicating that the process of its conditioned development has 
already been completed during its application on the background of 
the unconditioned stimulus 

The motor leaction proceeded with variable success, but did not 
diftei mateiially from the motor reaction to the othei conditioned 
stimuli (tone, bell). 

Conclusions 

1. A conditioned stimulus on the right side, given during the 
action of the unconditioned stimulus on the left side, may interrupt 
the course of the unconditioned reaction and piovoke a motor- 
conditioned reaction 
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2 The possibility of a conditioned motor reaction during the 
action of the unconditioned stimulus indicates that the httei doe? 
not exercise an inhibitory action on the coitcx of the laige hem¬ 
ispheres. 

3. The Indifferent stimulus given 3 seconds after the beginning 
of action of the conditioned stimulus may become a conditioned 
stimulus for feeding on the opposite side of the stand. 

4 The central nervous system is capable of realizing a veiy compli¬ 
cated positive associative activity at the time of action of the uncon* 
tiittoned stimulus, and manifcsc nn adaptibihty to the changing 
conditions of the experiment . 
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THE ESTABLISHMENT OF A CRITERION OF DEPTH 
OF SLEEP IN THE NEWBORN INFANT’«i 

Ohio State Uiiiveisily 
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Criteria of Sleep in the Neon vie 

In spite of ceiituiies of speculation, description, and moie leccntly, 
expciimentation conceming the problem of sleep, few attempts have 
been made to define “sleep*’ accuiately Up to the last decade, iiivesti- 
gatois appaicntly assumed that they knew what sleep was and hence 
needed no objective standaid for dcteimiiiing it. Their criteria, 
whatever they were, lemalned subjective and unformulated 

The need foi an objective entenon is not so apparent when we 
consider adult man, with his fairly definite ihythm of noctuinal 
quiescence and diuinal activity. However, in the case of the newborn 
infant, wlicie this ihythm is not so definite, the need for a criterion 
of sleep becomes manifest. 

This obvious necessity was not lecognized until a few years ago 
Soon after a few concrete definitions of adult sleep were pioposed, cx- 
peiimenteis began employing objective ciiteiia of sleep in studying the 
behavior of newboin infants In 1930 Piatt, Nelson, and Sun (19) 
used “eyes closed’* as a sleep ciltcuon in the newborn, if one adopts 
the definition they gave in a preliminary description of the control 
peiiod Howevei, the ciitejion appaiently was modified slightly before 
then expeiiments weie concluded, foi on page 169 they stated that 
“the term ‘asleep’ means that the infants’ eyes were closed and bodj’ 
inactive when the expeiiment started ’’ 

Iiwm (11) used the Ciitenon, “eyes closed and quiet" Biyan 
(1) defined the sleeping peiiod as that occurring right aftei feed¬ 
ing, but made no fuithei specifications Richter (20) apparently used 
high electrical skin lesistance as a criterion of sleep in both infants and 
adults Infants less than one year of age weie considered asleep by 
Maiquis (16) when the eves had been closed for one minute. Pratt 

“Recommended by F C Dockeiay, and leccived in the Editorial Office on 
Decembei 31, 1936 

^rhis paper la part of the dissertation picsented as partial fulfillment of 
the requirements for the degree of Doctor of Philosophy in the Department of 
Psychology at the Ohio State Uni\ei5ity 
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(18), in !i discussion of sleep in the neonate, decided tliRt theie were 
as yet no adequate criteria of that condition 

In the later work of Ins’ll! and his students, Weiss and Stubbs (14, 
22, 24), the condition, “asleep/’ was not defined, but peihaps we may 
again assume that they were using the same definition earlier adopted 
by Irwin, that of eyes closed and body quiet 

In the recent studies tn infant behavior made at Ohio State Uni¬ 
versity, Dishcr (7), like Delman (5) a yeai later, used closed eyes 
and lack of observable movement as ciiteria of a condition of sleep 
which was always requited preceding the application of stimuli 
Similarly, Taylor (23) lemarked that “it is always difficult to 
describe what is meant by sleep, and in the case of infants the task 
IS even more difficult Following Disher, we liave assumed that the 
infant is asleep when eyes arc closed and when it is making no observ¬ 
able skeletal movements” (Page 72) Dockerav and Rice (8), like 
these othci expcruncnteis, were concerned with a description of “sleep’ 
only m order to desciibe the conditions accomp,inying the ptesentation 
of stimuli 

In order to observe (he reactions which could be attributed to 
the stimulus, it ivas necessary that the infant should be quiet, 
or "asleep" The only criterion of this condition was that the 
infant had not moved for at least one minute before the stimulus 
was applied In nearly all instances the eyes were closed In 
several cases the breathing of an infant indicated that he might 
be more deeply asleep than at other times, but as yet there is no 
objective evidence for such an assumption (Fnge 86) 

Purpose of the Present Investigation 

Aftci considering these vaiious uiterin, the question arises ns to 
wlicther or not it is possible to establish u more accurately described 
criterion of sleep in the newborn infant Only by this means could 
we answer such queries as Is regular breathing important m de¬ 
fining infant sleep? Aie there different stages of sleep depth in in¬ 
fants such as investigators have described in adults? How con¬ 
tinuous must inf.int immobility be m order to cull it sleep? Are 
there variations even within a condition of “sleep,” as described by 
aoy one investigator so far, which might be determined analytically? 
Is sleep a condition definite enough for us to state that the infant spends 
a certain proportion of its early life in sleep? 

The establishment of an adequate ciitenon of sleep, winch indii ectly 
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will enable us to answei the above questions, is the purpose of this 
investigation Xhis cnteiion will apply to newborn infants during 
the ill St ten days of life 

The point of view taken heie is closely akin to that described by 
H M Johnson (15) a few years ago* “We shall say that an 
oiganism is awake to those changes to which it lesponds by specific 
movement, to all othei changes wc shall call it asleep” (Page 24). 
Sleep thus is partial and not absolute. 

However, Johnson has lecently added that sleep is not measuiable, 
and therefore the teim "sleep” is not applicable to any studies hereto¬ 
fore employing that name But it is conceivable that a statement that 
sleep IS not measuiable is just as aibitrary as that sleep, within 
specified limits, is measuiable And if the teim “sleep” is given a 
carefully lestnctcd connotation, certainly there could be no objection 
to the use of the teim Wc agiec that the word “sleep” is widely 
misused and little understood, and that it would no doubt be piefcrable 
to discard it entirely. But since the teim is deeply rooted in the 
popular vocabulaij', we can at least ledefine it and letnin it in ordci 
to indicate tlie bcaung which our present study hns upon the mis¬ 
information whicli the layman calls “sleep ” 

As a starting point in this study, we do not assume that there are 
two separate categories of “sleep” and "waking,” but tliat sleep is 
lelativc, and exists m difiPcrent degrees oi depths An infant is deepest 
asleep to that stimulus to which it makes no measurable response, 
and less deeply asleep when it makes a measuiable response, There 
may, of couise, be icsponscs for whose detection we have no appro- 
piiate measuring devices Tlieieforc, wheie wc speak in terms of 
lesponse, we refei lieie to those lesponscs measurable with the appara¬ 
tus employed in this paiticular cxpciimeiit 

Now if an infant mciely flexes its toes in response to one stimulus 
and moves its entile body in response to another should we say it 
IS equally asleep to both stimuli^ It seems logical to considei it less 
deeply asleep to the stimulus to which it makes the greater response 
Taking an infant in anv condition whatsoevei, then, we can apply 
various stimuli and obseive the responses made, judging the infant as 
being less deeply asleep to those stimuli to which it responds more. 

Ill what sense docs an infant lespond more^ This could mean (^r) 
a moic vigorous lesponsc, (6) a moie extensive oi widespiead re¬ 
sponse, in teims of body paits, oi (c) alongei response, one of gieater 
duiation. In the fijst pait of the present study an attempt was made 
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to use all three indices of a ‘'greater” ic&ponse But when various 
responses were classified as vigorous, moderate, and slight, it was found 
e-streniely difficult to establish an objective standard for making the 
classification Granting that a distinction could more easily be made 
between "vigoious” and "slight" than between eitliei of these and 
‘‘moderate,’’ two classifications alone would furnish little additional 
sensitivity to a dil¥eiciiti.aUon of responses as ‘‘moie’’ oi "less” We 
arc left, then, with two indites foi differentiating icsponscs to stimuli 
the extent of response, and the duration of response These shall be 
used in the discussion of lesults to be presented lieieaftei. 

Assume, then, that we have found that infant S nt ceitain times 
makes no response to a necdJe-piick on the big toe, oi merely moves 
its toes slightly Wc say, then, that 5 is deepest asleep at such times, 
at least with reference to the needle-prick. Suppose that another 
investigator wants to use a similar stimulus with infant R, while it is 
deepest asleep, in order, say, to determine the latent time of its le- 
sponsc i\Iust he keep on pnckifig R’s toe until R finally fails to 
respond or makes only a sliglit toe respo/iae'* Or could we not find a 
certain overt pattern of relative immotiUty in the infant which always 
accompanies its minimal response to the stimulus? If so, we cotild 
give .1 specific description of this observable pattern so that the other 
experimenter could ascertain the period of deepest sleep m infant R 
merely by observing R closely instead of stimulating R constantly to 
determine that period 

We therefore pioceedcd to make an extensive classification of all 
possible conditions of motility on the pait of the infant, and then 
observed the responses made to stimuli in these various conditions in 
order to find out whether oi not thev ivere indicative of different 
Stages in sleep depth with rcfeience to the stimulus in question 
Depth of sleep, as mentioned before, was deteimined on the basis of 
the lelativc duration and extent of these lesponses to specific stimuli 
This classification is given in a discussion of the method of the experi¬ 
ment 

So far so good But suppose this aforementioned expeiimenter with 
infant R wishes to study R while deepest asleep to another stimulus, 
such as the odor violet h'laj' he assume that the overt pattern de¬ 
scribed for deep sleep with leference to <i needle-prick on the big toe 
IS the same as for the odor violet 5* In other vvoicls, is sleep specific 
or general— IS an infant, who is deepest asleep to a needle-pnck on 
the toe, also deepest asleep to all other types of stimuli ? To answer 
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this question the experimenter applied a variety oi stimuli and then 
compared the responses made in each of the conditions specified 
Many othei questions arise which must be answeied by the present 
investigation If we can describe, in terms of overt motility, sev¬ 
eral stages of progressively deeper sleep for one infant, will these 
Stages be applicable to all othei infants? The answer to this question 
can be ascertained by comparing the responses made in each described 
condition by a large number of infants. Will these stages vary ac¬ 
cording to the intensity, duration, and point of application of each 
stimulus? While intensity and duration were kept constant for each 
specific stimulus in this study, compaiison could be made of lesponscs 
to stimuli applied at the vaiious points designated 

There will be, of course, many questions concerning the sleep of 
the newborn infant which cannot be answered b}' the piesent study 
This IS to be expected This study lays the foundation for further 
research dealing with nuineious other angles of the problem by first 
determining when and how deeply an infant is asleep to specific 
stimuli. From this point we can proceed in the future to attack other 
phases of the problem such as the change \n G S R m the sleep of the 
newboin, tlie change in fontanelle pulse during sleep, and the relative 
amounts of time spent in various depths of sleep. 

Apparatus 

Each infant studied was placed in the experimental cabinet earlier 
constiucted and described by Pratt, Nelson, and Sun Temperature 
was maintained between 85 and 90 degrees Fahienheit by means of the 
heating unit in this cabinet Illumination consisted of the "cold light” 
of the neon grills described hy Irwin (12) One side of the cabinet 
was open to give the expeiimentcr access to the infant, although this 
opening was piotectcd by a heavy curtain. Observations were also 
made through the small "window” at one end, directly above the 
polygraph platform fastened to the outside wall of the cabinet All 
data were recorded on the polygraph tape. 

For one poition of the investigation the stabilimetei employed by 
the aforementioned experimenters was used, but was eventually dis- 
caided for reasons to be discussed latei Breathing records were 
secured bv means of a pneumograph consisting of a small partially 
inflated lubbcr balloon held securely over the infant’s abdomen by a 
gauze band, pressure changes were tiansmitted to a Marey tambour 
recorder which made an ink tracing upon the polygraph tape Another 
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tambour recorded a stimulus line Prescnta.tion of a stimulus was 
indicated by pressing a rubber bulb. A pneumatic device was used in 
preference to one involving an electromagnet in ordei to eliminate 
as much external auditoiy stimulation as possiblci A pielmninaiy 
setup with the latter type of stimulus line gave loud clicks which 
occasionally elicited overt response from the infant For a similar 
reason the time hue was finally omitted, and time measurements were 
made in centimeteis, as the tape lan at a constant speed. 

For the pain stimvU, the device described by Dockeiny and Rice 
was used. ‘'The stimulus was applied by means of a fine needle 
inserted through a small block of lubber so that the point of the 
needle piojectcd appioxiinately one-sixteenth of an inch The rubber 
was tapered at the needle-point find to avoid contact with the skin” 
(Page 86). 

For the tactual stimuli a camers-hair biush was used The experi¬ 
menter at first considered making a device with which pressuie could 
be controlled mechanically, but finally decided that with careful prac¬ 
tice in handling the biush in a specified mannei, the amount of pies- 
surc exerted could be regulated about ns consistently as with a type of 
apparatus such ns that described by Pratt, Nelson, and Sun 

For the auditory stimuli the experimenter used a Westcin Electric 
2-B audiometer with a "Western Electiic 34-<^ amplifier and a dy¬ 
namic speaker Two freijuencies, 256 and 2048, of a fixed intensity, 
were arbitrarily chosen as representative of low and high pitches 
respectively, after preliminaiy observations were made by the experi¬ 
menter and anotJicr observer with a variety of frequencies and inten¬ 
sities The audiometer and amplifiei were placed on a low platform 
in front of the cabinet, while the loud speakci was placed at a distance 
of six inches from the ears of the infant lying on the platform. The 
intensities of the auditory stimuli at this point six inches fiom the 
loud speaker wcic 22 dj'nes per square centimetei at the frequency of 
256 cicles and 24 at 2048 cj'cles^ 

Foi the olfactory stimuli the expeiimentei used the apparatus con¬ 
structed and described bv Disher (7) A complete desciiption of her 
constant-teinpeiatuie box and its incidental equipment can be found 
in the lepoit of her research with “chemical stimuli administeied 

®\Ve are indebted to Professor W L Everitt of the Communications Labora¬ 
tory, Ohio StQte University, who calibrated the instrument in the Infant’s 
cabinet 



ISABELLE F. WAGNER 


23 


nasally.” Only five of her eight stimuli weie used, howevei • pyri¬ 
dine, violet, sassafias, tuipentme, and lemon. 

Subjects 

The expeiiment w.as earned on in the psychology laboratory on the 
foiiith flooi of the University Hospital, in one wing of the maternity 
waid The subjects weie noimal full-teim infants from the clinical 
waid and vaiicd in age fiom tliiee houis to 10 days, though in Part 1 
results fiom three infants 11 days old were included The majority 
of the infants were first-born, and hence the median age of the 
mothers hoveied about 18 or 19. All infants repoited "colored” on 
their recoids were classed as coloied, although m some the percentage 
of coloied blood was so small that there were no negroid character¬ 
istics appaient in the infants. Many of the mothers were unmarried, 
and practically all the parents weie of low socio-economic status. 


TABLE 1 

Subjects Used in Experiment 



White 

Color 

Colored 

Gills 

Sex 

Boys 

Total 

Subjects 

Total 

Trials 

Part I 

61 

39 

50 

SO 


. 180 

Part 2 

37 

26 

27 

36 

63 

90 

Part 3 

18 

16 

15 

19 

34- 

69 


Hence a total of 197 infants was studied in a total of 339 trials, 
with 5342 separate stimuli. 

Method 

General P/oce/lnie Our study is divided into thiee parts accoid- 
ing to the temporal sequence in winch these portions of the investi¬ 
gation were peifoimed. Part 1 includes only pain stimuli, consisting 
of needle-pricks applied to the big toe Part 2 includes pain and 
tactual stimuli, applied at vaiious points, and olfactoiy stimuli. Part 3 
includes only auditory stimuli 

The presentation of each stimulus was kept as constant as possible 
Pain stimuli were applied at one of several points, (a) the middle 
of the cheek, (i) foreaim—outer suiface midway between wrist 
and elbow, (r) hand—hack edge of palm, (d) leg—outer surface 
midway between knee and ankle, oi (e) big toe—about center of 
bottom. If the infant gave no oveit lesponsc to the fiist prick, the 
stimulus was repeated at foui-second intervals until some response 
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was observed. A limit of ten consecutive stimuli was arbitrarily set. 
even tliough no response occurred to the tenth stimulus. Xhis repeti¬ 
tion of pain stimuli does not apply to Part I 

Tactual stimuli weie likewise applied at one of several mens. 
{a) cheek—brushed from level of nostiil toward the ear foi a dis¬ 
tance of about 21/2 inches; (i) nostiil—tip of biush placed at nostiil 
at moment of inspiration and drawn acioss edge of nostril; (<r) lowei 
]jp—biuslied from infant’s right to left just above cleft in chin, foi a 
distance of about 2 inches, (ri) hand—brushed in an arc from mount 
at base of thuinh ncioss center of palm to lower outei edge; (e) foot 
—sole brushed fiom heel upwaid in median line to point ju&t below 
thiicl toe.® 

The pressure of the tactual stimulus was kept practically constant 
by holding the brush as ncnily perpendiculai as possible to the sur¬ 
face stimulated, deflecting the camers-hair point about half its length 
The experimenter practiced fiequently on her own hands to obtain 
ill addition a subjective impression of pressure equality 

As with the pain stimuli, within a limit of ten the tactual stimuli 
were applied until an observable response was obtained Foui seconds 
elapsed between the beginning of one stimulus and the beginning of 
the next, nppro.-cimatelj’ three seconds were required for the bnisli 
stroke itself, and about one second for shifting the biush point back to 
Its initial position 

The odors were applied in the manner specified by Dishci With 
any given odor, 20 cc. of a aaturnted solution were drawn off mto the 
hypodermic syringe, whose outlet was then pointed dncctly into the 
nostril of the infant at a distance of about one centimeter from it. 
An interval of five seconds was required for the release of the stimu¬ 
lating substance in order that the air current would produce no tactual 
stliniilation Olfactorv stimuli were not summated, for adaptation 
to the stimulus might have occurred. The odors presented were 
always at least five minutes apart in order to allow for such possible 
adaptation effects, 

Each auditorv stimulus was of five-seconds duiation Heic again 
no attempt was made to summate the stimulus effects by serial repeti¬ 
tion. The stimuli were presented in such a way that there was no 

"To answer the question as to whether the direction of stroking altered 
the results, the experimenter inserted several stimuli where the sole was 
stroked from the toes dosvnisard There was no indication of a differcnti.il 
response 
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abrupt beginning oi tcimination to the sound, since some investiga¬ 
tors have reported infant responses to sudden stimuli of any variety 
The serial presentation of each type of stimulus was practiced by 
the expcrimentei in several preliminary trials, ignoring the responses, 
but watching an electric clock in order to tune the presentation cor¬ 
rectly These practices were repeated fioin time to time throughout 
the investigation, and also checked afterward by measuring the time 
intervals indicated on die stimulus line 

Simultaneously with the application of each stimulus, the bulb foi 
the stimulus line was pressed. If the stimulus presentation lequired 
the use of only one hand, the bulb was pressed with the otlrei hand 
But if the stimulus piesentation required the use of both hands, the 
bulb was placed on the floor and pressed with the foot With the 
pain and tactual stimuli, the pressure on tlie bulb was released imme¬ 
diately, but with the olfactory and auditory stimuli, pressuie was 
not released until the termination of the stimulus application Thus 
a characteristic initial and final deflection m the stimulus line was 
made by whicli the duration of the stimulus could be checked 
The infant was brought in from the nursery and placed on the sta- 
bilimeter platform, clad only in diaper and shut, in the younger 
infants the navel was bandaged. A fresh strip of 3-inch bandage gauze 
was pinned about the abdomen, overlapping fai enough nt the ends to 
cover the pneumogiaphic balloon, which was then pinned into place 
When the stabilimctei was used, the lever locking the apparatus was 
released, and the pens began to record The evpeiimenter then re¬ 
corded on the polygraph tape such data as the infant’s name, sex, 
age, condition—dry, damp, wet, oi soiled—and time. Then by means 
of activity symbols which were modifications of those used by Pratt 
(19), the experimenter kept a running account on the tape of the 
infant’s behavior, with only brief inteiruptions for going aiound to 
the side to present a stimulus. Returning quickly to the polygraph 
tape, she recoided the response, if any, and marked on the lespiiatoiy 
line the approximate point at whicJi the response had ceased. It mav 
be objected that this was too much for any one person to do without 
missing portions of the behavior Hovi'cver, with a long preliminary 
pr.-ictice, the expcnmcntci developed a liigh degree of proficiency in 
recording responses quickly and concisely, and shifting position rapidly 
while keeping the infant in view Furthermore, for part of the 
expciiment .in additional observer was used to make nnnotatioirs on 
the tape with the standardized symbols, while the expcrimentei re- 
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maimed beside the infant to apply the stimuli and keep a running 
record of her own. Later comparison of this record with that of the 
other observer jevcaled omissions of less than 1 per cent in her own 
lecord There were occasional variations in the description of a 
specific beliavioi Item, such as “quick jerk of legs ^ versus strong 
flexion of legs,” but such variations could m no way affect the results 
iJi the light of the method of treating data 

Stimuli were at all times presented by the same expeiimenter in 
ordei to assure the maximal constancy in their presentation. Stimuli 
were applied at approximately one-imnutc intervals In Part 1, the 
first portion of the investigation, only pam stimuli—necdle-piicks on 
the big toe—were used In Part 2, pain, tactual, and olfactory stimuli 
were used, the first two types being applied at the vaiious points pie- 
viously stipulated The stimuli were presented in a random order 
In Part 3 auditory stimuli were used almost cntirclv, with only an 
occasional introduction of other tvpes The two frequencies were 
usually alternated, but sometimes airanged in a less icgiilai sequence, 
Melitod of HandUng Data The fiist impoitant step was to 
decide upon the behavior patterns which might eventually be differ¬ 
entiated in teims of the extent or the duration of responses to stimuli 
in each condition 

After numerous preliminary obscivations, the cxpeiimcntei decided 
upon the group of categories given below in which nearly every possi¬ 
ble bchavioi trend of the infant could be classified; 

A. Generally niiiet. 

1. No eyeJ/d or moiifh movement 

a Rei'iil.'ir breathing, 
b Irregular breathing 

2. Eyelid movement 

3. Eyelid movement nnd inoiilh movement. 

4 Eyes open 

3. Eyes open and mouth movement. 

D Occasional slirs of body members 

li No eyelid or motilh iiiovcnient 

2 Eyelid movement 

3 Eyelid and mouth movement 

4. Eyes open 

5. Eyes open and inDiilh movement 
C Generally active 

No eyelid or mouth movement 

2 Eyelid movement 

3 Eyelid and mouth movement. 

4 Eyes open 

5 Eyes open and moiilh movement 
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These conditions all refei to what has been noted in the onc-ininutc 
pcnod preceding stimulation 

Condition A means that the infant has shown no body movement 
exclusive of facial i espouses for one minute preceding the piesenta- 
tion of the stimulus Condition B means that in the minute pieced- 
ing the stimulus at least two discrete stirs of a body part, exclusive 
of facial responses, have been noted, e.g, flexion of left hand and 
extension of right leg Condition G means that at least one geneial 
body stir lasting more than five seconds has occuued during the 
minute piecedmg the stimulus application 

Regular bieathing may be determined by comparison with the types 
shown in Figures 1, 2, and 3. All other less regular types are classed 
as uregular; examples are found in Figures 4 to 12 

The subdivisions are similarly interpieted "cychd and mouth 
movement” indicates that at least two obseivations each of eyelid and 
of mouth movement have been recorded by the expeiimcnter during 
the minute interval piecedmg the stimulus "Eyes open” means that 
the infant’s eyes have been open almost continuously throughout 
the minute inteival, and are still open at the moment of stimulation. 

One additional point must be mentioned in connection with these 
classifications' Suppose that the minute period preceding stimulus X 
has been classed as During the minute following stimulus Xj 
which precedes stimulus Y, only one stir of a body part is now noted 
instead of the minimal requiiemcnt of two The condition accom¬ 
panying Y, then, is still called Bzt provided, of course, that the eyelid 
movement continues But if the interval following Y and preceding 
stimulus Z still leveals only one stir of a body member, with eyelid 
movement continuing, the condition is now called /i 2 ' The same pro- 
ceduic IS followed where eye and mouth movement are concerned. 
If only one eyelid movement liad been noted preceding Y in the 
case above, the conditions would still h.ave been called Bo, though the 
condition at Z, likewise with only one eyelid movement picccdmg it, 
would have been considered a B\, provided the requisite number of 
body stirs continued Classification in teims of mouth movement was 
made in the same manner 

It mav he asked why subdivisions for regular and irregular 
breathing wcic not made for B and C as well as A The experi¬ 
menter did not note a single preliminary case where regular breathing, 
such as found in occuiied in any of the othei conditions for more 
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FIGURES I-l 

T^j'Es OF Curves of Regviar Brfathikg Foumb in Condition i/i 


th*in a very short interval Tliis initial obseivation was boine out 
in the final analysis of the entlie group of data Moi cover, any bod)' 
movement beyond slight hand and foot stirs tends to distort tlie 
breathing curve. And since conditions B and C bv definition include 
a certain amount of activitv, the possibility of irrcgulaiitv m the 
records is enhanced all the more 

AUo one might ask why there were no subdivisions undci //, B, 
and C for mouth movement unaccompanied by C 3 'elid movement 



ISABELLE F WAGNER 


29 




HI- 

11 n .t in 


>~ 


><3 

G - H' - ‘i-’U- 
\'ia S’y)\ 




f 

t-V 


£^U^It7 

__ 

Ai^ 

'V\___ j\y\y\A^\ 




./V^.,_ 


FIGURES 4-6 

Types of Brpathinc; Found in Condition 

Again tliete weie no pielimmaiy cases wlieie mouth movement oc- 
cuired apart from eyelid movement Final analysis of the data 
levealed only 45 instances out of the 5342 stimulations wheie such 
a situation aiose, in othei words, only 8/10 of one pei cent of the 
stimulations weie accompanied by a condition in which mouth move¬ 
ment occuiicd without eyelid movement in the same minute interval. 

The choice of a one-minute interval w.rs not a casual decision 
Continuous lecoids in a pieliminaiv investigation were obtained for 
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FIGURES 7-9 

Types of Brevthikg Curves Found in D Conditions 


the period between feedings; behavior annotations weie made on 
the polygraph tape, but no stimuli were applied. These records 
were scanned caiefully in Older to obtain the behavior classifications 
.and also to choose nn interval most sensitive to the type of bchavtoi 
trends noted An interval of two minutes or longer would have 
obscured a brief change in trend, but an interval ns shoit ns 30 bcc- 
onds, for example, would have emphasized these slight variations fai 
too much A minute appeared to be about the length of time neccs- 
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FIGURES 10-11 

Two Typls or Breathing Curves Found in C Conuitions and One Ii-lus- 
TSiJlON OF A \ JsOJATFO DfJP INSPJRA noW 


saij' to determine the particular bchaviot pattern existing before the 
picsentatiofi of a stimulus. 

It must be lemembered that the infant, at the exact moment when 
each stimulus was piesented, was completely quiet, le, there weie 
no observable movements of body members, eyelids, oi mouth, no 
matter what condition was defined by the preceding minute interval 
Only thus could wc assume that movement occurring immediately 
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after the presentation was a response to the stimulus and not merely 
a continuation of activity preceding; 

The measurement of the duration of each icsponse, in the absence 
of a time line, was performed as follows The speed of the moving 
tape was calibrated in order to measure the distance traveled in a 
ten-second interval This measurement agieed exactly with the dis¬ 
tance indicated by the electromagnetic tune line included in the earlier 
records. A celluloid luler was then constructed, and divided into 
units corresponding to the ten-second intervals previously ascei tamed 
Measurements could tlicn be made by placing the transparent luler 
directly over the portion of the lespiratory fine which indicated a 
particular response 

With the pain and tactual stimuli, measurements of the duiation 
of the response wcie always made from the point when the stimulus 
was applied to the point where the termination of the icsponse was 
marked, unless a slightly delayed response was definitely indicated in 
the experimenter’s annotations With the stimuli of five-second dura- 
t,on—olfactory and auditor)'—measurements of the duration of the 
response were made from the point where the response actually began, 
as marked on the respiratory line. Of course, even here there were 
many cases where the response began with the initial application of 
the stimulus 

If the response lasted more than 20 seconds, it was marked .is 204*, 
and considered as 20 in the calculations. Inclusion of total measuic- 
ments where some responses led to a long period of continuous activity 
would have distorted the recoids, blotting out significant trends in the 
data. 

Where any response other than respiiatoiv was noted, no attempt 
was made to include breathing changes in the measurement unless 
tlicse changes were audible. As mentioned before, movement has a 
tendency to distort the breathing cuivc and produce a false respira- 
torv record However, where no other response was noted, the 
breathing change was measured and included in the data. Such 
breathing changes could be noted easily only where tlie preceding 
breathing curve w.as fairly regular; when the bieathing w.'is genciallv 
irregular, the experimenter bad to be verv cautious in attributing an)' 
specific breathing iiiegularity, following the stimulus, to the stimulus 
Itself. Such a decision was made only wheic the ii regularity was 
quite unlike any of the irregularities m the respiiatorv ciuvc during 
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the preceding minute An eaily attempt was made to lender this 
decision more objective by measuiing with a microscope the I/£ 
latios of a series of respirations immediately pieceding and immedi- 
atelv following the stimulus However, these 1/E ratios weie highly 
variable, and after struggling thiough several complex methods of 
comparing them the experimentei found that less information was 
piocured in this way than hy a caieful inspection of the lecord Since 
no tiend indicated bv the labotious method could not also be ascer¬ 
tained with a fail degree of accuracy by inspection, and since in fact 
the }/E data furnished only a paitial description, the laborious 
method was abandoned 

In treating tlie data, questions aiose concerning the utility of the 
stabiHmeter recoids secuted for half the trials in Part 2. A careful 
comparison of the stabilimeter records with the other data on the 
polygraph tape led to lejection of the stabilimetei data The reasons 
foi rejection were as follows 

(fi). The stabilimeter is not sufficiently sensitive foi the put poses 
of this investigation, Slight hand, foot, and facial movements, so 
important in this study, are not recorded by this type of apparatus. 

(A) The stabilimetei is best adapted foi recoiding gioss motility, 
crying activity, or sudden, jerky movements In this study we aie 
not Interested m gross motility as such The stabilimetei hcncc tells 
us less about what we want to know than do the bieathing curve and 
lunning annotations. 

(c) The accuracy of the stabilimeter, as coiistiucted in the earlici 
studies, is dubious Bilaterally symmetrical movements would tend 
to cancel each other, One end of the stabilimetei, by virtue of its 
constiuction, is much moie sensitive than the other, and with the 
head of the infant habitually placed at that end, there is a tendenc\ 
foi the records to emphasize cephalic movements and undeiestimate 
caudal movements. 

Disregarding the stabilimeter lines, then, the expeiiinenter went 
thiough the lecoids ininutelj', writing down at each point of stimula¬ 
tion the condition of the infant as determined bv the preceding imiiute’s 
activity, and the duiation of the icsponse Foi the lecoids of Part 
1 and Part 3, the data weie tabulated according to the stimulus, the 
condition of the infant, the side stimulated (light oi left), specific 
natuie of response, duiation of response, age, sc\, and color Foi 
Part 2, the sex and color tabulations were omitted. 
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The age of tlie infant was tabulated thus birth to 24 houis, 0 
days, 24 to 48 hours, 1 day, 48 to 72 hours. 2 days, etc. In othci 
words, a 6-(lay-oltl infant m this classification was one expei imcnted 
upon cluiing the seventh davof its postnatal life. In Pait 1, however, 
no O'clay classification was used; all infants up to 48 hours of age 
were placed m the 1 dav group 

While It IS obvious that conditions can be compaied in teiins of the 
mean duiatioii of a response in seconds, it is not so obvious that condi¬ 
tions can be compaied in terms of extent of icspojisc It was at first 
thought possible to assign lelativc numerical values to lesponses, 
giving toe and fingei movement, say, a value of 1, foot and hand 
movement a value of 2, leg and aim movement a value of 3, and so 
foith, in Qidci to get a comparative numciical estimate for vnuous 
types of responses Rut the difficulty of justifying such an aibitiaiy 
cchciiic became incicasingly evident 

Fuilhci difficulty arose m detcimining stages of “sleep depth” 
mcicly in tcims of changing peiccntagcs of total-body movements Is 
a bodv jeik the equivalent of a general body stii ^ Both itwolve the 
entiic body, but casual obseivation indicates that in some stages of 
apparently deepening “sleep” the body jcilc or staitle is a chaiactciis- 
tic response A glance at the data indicates that the older of “sleep 
stages*’ would be quite diffcicnt foi the body jeilcs and gcncial stiis, 
in some cases the oidci would be almost exactly leveised Next, 
consulciing 'Mcep depth” in tcims of specific, localized icsporises, 
what lespoiises should we consider ts'pical of “deepest sleep”? Is a 
Icg-onh' response the equivalent of an aim-only oi liead-only le- 
sponse? Is a moutli-only i espouse the equivalent of toes-onlv? The 
same questions apply when evaluating responses in combination -with 
otliei icsponses. You might suggest that wc take each stimulus 
separatch and determine "sleep depth” in teims of lesponses localized 
with Lcfeicnce to the specific stimulus used. But infant icsponscs aic 
gcncinllv not considered sufficiently localized with lefeicnce to n 
stimulus to )ustifj’ such a procedure. Foi example, what compniative 
value would be assigned to a toe-flexion and a finger-flexion response 
to a toc-pnek^ Furtheimoie, what is a localized lesponse with 
reference to an auditory stimulus? And should wc e.xpect tlic same 
degree of localization to an odor as to a needlc-piick? 

It seems, then, that the only wav to establish "sleep depth" m 
terms of extent of lesponse would be to lank conditions with leferencc 
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to each type of lesponse listed, such as no lesponse, toes only, oi leg 
plus, and to each tvpe of stimulus used, and then find some way to 
nnaiyze this mass of data to dcteimtne any gencial agiccmcnt, if any, 
as to the ordei of stages of “sleep depth ” 

Rather than lesoit to such a hopelessly complex method, the ex- 
pciimentei consideied it piefeiable to deteimine stages m sleep dcptii 
in teims of duration of icsponse and then note the tiends in terms of 
extent of response thioughout the stages thus tanked In the tables 
of data foi extent of lesponse, then, the stages weie aiianged m the 
oidei dcteimined in tetms of duration of response. The per cent 
of occurrence of eacli type of response listed could be tiaced from 
stage to stage Thus a caietul suivey would indicate whether the 
order of sleep stages seemed justified, though the piimarv puipose of 
such tables would not be justification so much as an inspection of 
general trends 

The following categoiies weie used in these tables, no response, 
bieathing change, toes, feet, legs, fingeis, hands, arms, head, mouth, 
vocal, facial, eyelid, body jeifc, general stii, and bodv jeik and stii 
Except for the first, no response, and the last thiee moie widespread 
responses, each item was listed according to whether the movement oc- 
cuired alone or in combination with other responses, such as head 
only and licad plus, mouth only and mouth plus 

Discussion of Results • I 

Responses to Penn Stimnli Examination of the data leveals that 
in terms of duiation of response, in seconds, to a needle-piick on the 
big toe, the stages of decreasing depth of sleep aie* B 2 , 

Bu Cl, /h, Co, Ba, Cs, Ci, B 4 , C 5 , and Br, In othei words, a quiet 
infant who bieatlies rcgulailv and shows no evelid or mouth movement 
(condition ) gives tlie shoitcst lesponse to a needle-prick stimulus 
applied to the big toe Theie was no instance of an condition 
The largest miinhei of cases were secuied foj Bj, and B), 

and the least for conditions in which ej'es weie open, with or without 
mouth movement 

The cjjtical ratio foi each successive two stages as given foi tliis 
set of data is 6 79, 4 38, 1 08, 0 12, 1 36, 0 46, 0.07, 1 22, 2 57, 0.33, 
0 21, and 0.05. The only sequences for which all successive stages are 
significantly diffcient aie R<ii and 2?-, (6 79,4 38,5 77, 

3 26), or /Vi_, /ii„, B,, Ci, and Cj (6 79, 4 38, 4 36, 3 71) Stage 
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Ih IS not significantly difperent from dthei or Ca. and wliile ib 
significantly different from Bf, (3.83) Ca is not (1 91). 

Mere inspection of the trend of time scores when classed accord¬ 
ing to age oi sev or color shows that theic is no consistent variation 
in terms of these variables. Regarding age differences, we find that 
while the responses in condition are always shorter than m 
Ai , whatever the age group, there is no consistent increase or deciease 
in the length of response for eithei condition from one age group to 
anothci The average response increases from 1 7 seconds at 1 dav 
to 4 0 seconds at 2 days, decreases to 3 0 seconds at 3 days and to 2.2 
seconds at 4 davs, and then jumps up to 3 3 seconds at 5 days There¬ 
after it decreases in the 6 - and 7-day groups (2 4 and 1 2), rises 
slightlj (to 16) at 8 days, and reaches 2,9 at 10 days, at 9 days 
there were too few data to compute a mean The variation fiom day 
to dav of the duration of lesponse in condition is also inegular, 

though not a duplicate of the variations of the data The dav- 

bv-da}’ changes nie as follows: incresisc, mcieasc, decrease, decrease, 
decrease, increase, decrease, increase 

If wc compare the results for conditions B-i and lh\ wc again find 
that there is the same Z? 3-^8 sequence in everv age group, that is, tiic 
responses in condition Bz are always shorter than those in condition 
Bi, Howevei, the degree of the difference is variable ns is the length 
of response in either condition from one age group to atiothor. The 
order of change in the stage is increase, decrease, increase, deciease, 
decrease, increase, increase, increase, decrease, m the B 3 stage the oidcr 
IS! increase, decrease, increase, decrease, increase, increase, no data, 
increase, decrease. While the older of change is siinilai the gross 
amount of the variation in seconds is not consistent (for /is! + 1 . 6 , 
—I 9. +0.4,—0.2, +1 0, +0.6, +2 3,-2 5: forks' +7.5.-12 2, 
+4.3, -1 5, +0.6, +3 1, —, +0,9. —1 0). 

Consideration of the color and sex data indicates that the response 
of the colored infant, as compared with that of the white infant, is 
longer \r\Ai^ and //i„,shoiter \nA-y and/fa, longer inBi, Bn and 
shorter in and longer in Cj, and shorter in C 3 , G^, and Cr. 
The sequence of stages of sleep depth is the same onlv for /+ A^ , An 
Bn and Cf,. * '' 

Comparison of the data for male and female infants likewise reveals 
no definite sex difference The response of a male infant is shorter 
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than that of a female infant in conditions, Ai^^, A‘ 2 , and As, longer 
in Bi, ^ 2 ) tirid equal in longer in shorter in Gi and Cz, 
longer in Cs, shorter in C 4 , and longer in C^,-^ The sequence of sleep 
stages eoinuldes witli respect to stages //i., B 2 , A 2 , Ci, C 2 , Bs, 

Cg, and Cr, It is noticeable that the chief disagreements in sequences 
for sex and coloi center-around those stages for which we have the least 
data, and hence cannot be considered significant. 

The lack of consistent vaiiation m terms of such variables is not 
sui prising in view of the findings of previous investigators, wlio in 
geneial ascertained no significant color or sex differences in infants, and 
only doubtful age differences. Color as such is hardly a logical dif¬ 
ferentiation, because of the extremely variable percentages of white 
blood m the infants designated as colored The possibility of age 
differences seems inther slight when we consider the fact that even 
so-called normal, full-term infants may differ in age as much as the 
numbei of days in the age span studied lieie With this much dif- 
feience in pienatnl age, we should hardly expect consistent dny-bv- 
dii)’ altciation in the responses of a group of infants classed only 
uith leference to postnatal age What we can do is to compare the 
youngest infants, say, 0, 1, and 2 days of age, with the oldest infants, 
say, 8, 9, and 10 days of age This would allow for some variation 
in prenatal age Such a compaiison here reveals a slight tendency 
for the 1 espouses of the older infants to be of greater duration, save 
m the Ai^ stage of motility One miglit interpret this on the one 
hand to mean gienter sensitivity with increasing age save in conditions 
of least motility. Oi one might say that the motiht}' stages keep about 
the same order with increasing age but that the responses are longer 
except in conditions of least motility, where the responses are even 
«hoitei than duiing the first few da 3 's after birth 

Oiii next consideration is the second factor, extent of response. 
The data wete tabulated to show the percentage of instances in which 
any specific lesponsc occuircd, either alone (as toes only) or in com¬ 
bination with some other kind of movement (as toes plus) The 
conditions were arranged m the order of decreasing duration of 
response The tabulated data indicated, for example, that in condi¬ 
tion /fi, theie weie 324 instances when the infants were pricked with 
a needle on the toe, in 21.9 per cent of these instances there was no 
response, of 260 cases of stimulus application in condition Al^^, there 
was no response in 10 0 per cent of the instances, of 145 stimulus 
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applications in condition 69 per tent of the eases lesulted in no 
observable icspoiise Going back to the ./i, condition, we can see 
that in 0.6 per cent of the 324 stimulus presentations, the aesponse 
consisted of a bicatliing change alone—a deep inspiiation, oi an 
obvious change in amplitude oi fiequency. In 4,9 pei cent of the 
324 presentations, a breathing change occurtcd in combination with 
some othei form of activity. In 4.0 pci cent of the total numbei of 
stimulus picsentatioiis in condition the icspoiisc consisted of toe 
movements alone, but in no instance did specific toe moveinent occur 
in connection with some othci type of lesponse. T. he other liguics 
could be read similaily. 

We find a steady dcciease in the number of cases whcic no lesponse 
occurs as we go from conditions of least niotilitv to conditions of 
Ri cater motility, save foi conditions Bi and Ci, that is, the pci cent 
of cases wheie no icsponse occurs is 21.9 m /ii^, 10 0 in //i,,, 6 9 in 
B 2 , 5 4 111 Ai, 4,2 in /-/i, 1 3 m C2, and I 0 In but m conditions C3, 
6 ^ 1 . B\, Cfl, and. thcieaic no instances .it all whcic a stimulus fails to 
elicit .1 lesponse. Toe inoYcments in gcncial dcciease, a icsponsc of 
toes only is observed in 40 pci cent of the cases in . 1 / 1 ^, 1 5 pci cent in 
.rii,,, and 2 3 per cent in A 2 ) but never occurs m the othci conditions; 
a toe-plus response occuis m 0.4 pci cent of the cases in /i],, and 3.7 
pei cent 111 Bi, but m none of the othei cases 

Continuing our analysis m this fashion, we find a stondv deciensc 
in no-rcspoiises and in specific, localized responses like toes only, feet 
only, and legs only, though the dcciease is not alwnvs legulai, the 
chief irregularities occuiring in mteimediate stages like /A, Bu and Cx 
foi which feu’ci cases arc cited The per cent of body jciks varies in 
an iircgular fashion, but there is a marked Incicase in the numhei of 
gcneial stirs as 1 espouses in conditions of gicater motility, besides a 
tendency foi body jciks plus gcnei.a) stirs to inciease, thougli tins 
increase is somewhat inegul.ii; in other woids, theie is less likelihood 
that n body jerk ivill he followed by a general stir when the infant is 
gcneiallj quiet tlian when it manifests more activity Evchd move¬ 
ment appears more frequently, although none is recoided foi condi¬ 
tions C 4 , C 5 , and This may be due, on the one hand, to the small 
numbei of cases, and on the othei hand to the f.,ct that the eyes aie 
aheadv open m these conditions, and hence specific eye inoveinents 
would not be noted so icadily 
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Vocal, mouth, and facial concomitants increase in those conditions 
of greater motility Though le^-onlv movements dcciciusc some¬ 
what, leg movements in combination with othei movements inciease, 
though with gjeat iiicgulaiity While the pei cent of head-plus move¬ 
ments does not vary consistentlv, theie is in no stage of sleep dcptli a 
head response alone, and only occasional lesponses of toes-pliis, 
fingcis-only, oi plus, hands-only, aims-only, mouth-only, facial-only, 
or vocal-onlv. 

In general, then, whatevei the condition, specific, localized lesponses 
tend to be leplaced by moie complex patteins of jcsponsc witli ccphalad 
components as the infant becomes moic active 

It IS not suipusmg that so many body jciks uie found in the 
and groups In tlie newborn as in the adult, what appcais to be a 
piocess of falling asleep oi at least sinking into decpci sleep is fre¬ 
quently chaiactei/zed by body jeilcs oi staitles This is not true of 
what appears to be a wakmg-up process. The body jciks, while still 
frequent in the stages of gieatci activity, weic obseived to be of gicatei 
duration than rhosc in Ax ^ and and often weic followed by gen- 
eial stiis, this diffcicncc in the length of the body jeik is hence em- 
plnsized moic in a thuaiion tabulatioi) than in an extent tabulation 
It should also be noted hcic that the pci cents of body jeiks found 
in the vaiious sets of data aie often the icsult of a few individual cases 
whcic the typical leaction was a bodv jerk; m othci words, some in¬ 
fants seemed somewhat tense and "jumpv” even in conditions A-j^ 
and Ai^ 

Discussion of Results. II 

Responses to pam, tactual, and olfactoty sltrnnh Inspection of the 
data gives us many intei esting facts concei ning the dui ation of i esponsc 
to pam, tactual, and olfactoiy stimuli As theie aic onlv two instances 
of an //1 condition, none of //-s, five of Bu nine of thice of fTi, and 
five of C\, these conditions cannot be compaied witli tlie othcis 

The data aie intei preted thus Biush—foot—1.5 in Ax^ means that 
the lesponse of an infant in this gioup to the sticking of the sole of 
the foot with a camelVhair brush lasts on the aveiage 1 5 seconds 
when the infant has been quiet, with no cvolid or mouth movement, 
and bieathing legulailv foi one minute befoie the stimulus is applied 
Brush-total—2 9 in An indicates that the average duration of the 
Infants’ responses to brush stimuli as a whole is 2 9 seconds when 
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the infant has been quiet, with only eyelid movement, for one minute 
before llic stimulus piesuuation. T.he lemamder of the data ate iii- 
teipretcd similarly 

For any type of stimulus, then, yve can rank thc'.e various condition-, 
as stages of decreasing sleep depth, placing fust on the list the coadi- 
tioti 111 which the response is shortest, for in terms of oui ciiteuon tins 
icprcsciits the deepest sleep with lefercnce to the stimulus under con¬ 
sideration. For example, for a foot-brush stimulus, the stages of steep 


depth, ranked from deepest to lightest sleep, aic: 

J->, and A 

71 ], 7 ij, Ca, ffsi * 

and G.1 




I'ABLE 2 



Pnin 

1 actual 

Odor 

AU 

Al. 

Ai. 

Ai. 



At. 

Au 

Bi 

^8 


Bl 


^Ib 

Bi 

An 

As 


A, 

Ail 

A, 

B, 

h 

B. 

Bo 

C2 

c. 

c] 

C, 

Ca 

Cs 

c« 

C3 

Cfl 

Cr, 

C-i 

Cn 


n 

Cl 


The critical ratios for each two successive stages in Part 2 me .\s 
folloyisi 2.17, 0,16, 0,53.1.85, 0,58, 2 18. J.75, 1 09. 1.70. 0 88 The 
only sequences in which each stage is significantly different fjom the 
succeeding one are i (4 23,423, 3.06, 3 04) and 

//i|,, B'j, Ca, and (4.23, 7.35, 2 98, 3.04). Stage is almost 
eligible for eacli sequence; the ciitical ratio foi //. and Bg is 2 19, foi 
B‘i and i?a, 2.18, and for C 2 and Bg, 1 75 

Responses in any condition aie longei foi toe-needle, lip-biush, and 
nostnl-brusli stimuli. Wc maj' say that these areas are most sensitive, 
or that the infant s sleep m any stage »s less deep with respect to these 
stimuli than to the others m the group Furtficrnioie, the responses 
to the tactual stimuli as a whole are shorter than to either needle 01 
olfactory stimuli m any condition save that of deepest sleep 

Howevei, in spite of these variations, it is inteiesting to note that 
the ordei of the stages Is fairly constant fiom one type of stimulus to 
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anothei, save foi conditions Bi and J-j. Responses in condition 
aie always shoitei than in except foi the hand-biush, nostul- 
brush, violet, and lemon sttmuli, but tlie differences are too slight to be 
leflectcd in the totals for each gioup of stimuli responses are 

always shoiter than responses with needle and odoi stimuli, though 
inversion occurs with three of the brush stimuli However, /f re¬ 
sponses aie always shorter than icsponses, whatevei stimulus is used 
The numbei of inversions of the sequence pieviously given foi all the 
stimuli combined aie, A-j and B 2 —7 (foi 7 stimuli the response in con¬ 
dition /I 2 IS longei than m condition B^), B^ and 2 ? 3 —5^ B^ and Ca— 
2; C'i and C 3 —2 Thcie aie insufficient data to compaie Ca and Cs* 
It must be lemembeied that many of these vauations are traceable to 
the small number of cases from which a mean is computed 

With these data as with those in Pait 1, theic are no consistent 
variations appaient when tabulations are made accoiding to age, even 
when tlic 0-, 1-, and 2-day groups arc compaied with the 8-, 9-, and 
lO-day groups For example, let us compaic conditions /h^ and Ai^ 
with reference to brush stimuli. At 0 davs, the response m condition 
Ai^ IS shortei than in //i„; at 1 and 2 days, the Ai^ 1 espouse is longer» 
at 3 days it is equal in length to the Ai^ icsponse, at 4 and 5 days it is 
again shorter, and at 6 days equal At 7 davs there are too few data 
for a compaiison At 8 days the Ai^ lesponse is longer, at 9 days 
shortei, and at 10 davs, again longei than the lesponse in condition 
Ai^ It IS obvious that no consistent vaiiation in teims of age exists 
in the lelationship of the A\^ and Ai^^ stages Avhen brush stimuli are 
used. Nor is there any consistent variation from one dav to another 
in the mean duration of response in either condition considered alone 
In the Ay^ condition, the aveiagc length of lesponsc increases from 
2 0 to 2 1 to 2 3 seconds in 0-, 1-, and 2-day groups, but decreases to 
2 0 seconds again at 3 days and to 1,6 seconds at 4 days At 5 days 
It uses slightly, to I 8 , and then drops back to 1 5 in the 6- and 7-day 
groups. The duration jumps up to 2 8 at 8 davs, diops back to 1 9 at 
9 days, and finally uses to 3 0 at 10 days A similar analysis of the 
remainder of the data rcve.als the same lack of consistent vantion, 
whether one considers the sequence of conditions from one age group 
to another or the variation in length of response fiom one age group 
to another in the same condition 

Turning now to a comparison of lesults wheie the three voungest 
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nnti the thicc oldest age gioups are combined rcspectivelVi we lilccwisie 
find no consistent variation Xhe older groups have a longci response 
to brush> needle, and cdoj stimuli than the younger in condition 

AI , shorter in//jj,, longci m <5^2* shoitei in Zfoj nnd longer in Xhe 

^1 sequence is leversed in the older groups, but the difterciice is 
very slight, the and Bz sequence is constant, but the stage pic- 
cedcs in the joungest group, and follows in the oldest groups. 
Since these positions aic not a true leflcction of the variations appment 
in the data for individual «imuli, \ve cannot accept them as lepre- 
sentative o£ true age difteiences. 

An additional measure is included heie—the numbei of stimuli 
required to elicit a response. Xhis tncasuic, ol couisc, is applicable 
onlv to tile pain and tactual stimuli, which alone woe suinmatcd 
Again wc find the toe, lip, and nostiil "mobt sensitive”; that is, in any 
condition the fewest stimuli ‘Weie required to elicit a lesponsc when 
these areas were stimulated The lank-order of conditions here is given 
in Table 3. 


TABLE 3 


Needle Brush Both 




A, 

^1. 

^1. 

A. 


A„ 

A, 


0 

Bo 

b' 

Ao 

C3 

B, 

B2 

Ao 

a! 

B.S 


B 

Ca 

B-l 

C; 

C2 

Ca 

c' 

C- 

Cn 

C; 


We aho note some slight disagiccment with the classifications pre- 
viouslv cited. T.Jiough the/fi gioups again come fiist, the//i^ condi¬ 
tion icquires moie stimuli tp elicit a response to tactual stimuli than 
docs the Ai^ condition The relative position of the B^ and ZJg condi¬ 
tions is the same The €3 and C 5 conditions foi both pain and tactual 
stimuli require the fewest number of stimuli to elicit a response, but 
With tactual stimuli the Cg stage precedes the 5^ stage Just as in the 
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cluiation-of-icsponsc classification, the lU, A^, and conditions aic 
quite variable in their relative positions. 

In the extent-of-iesponse tabulations foi Pait 2 the pain and tactual 
stimuli weie giouped as follows' (rr) head stimuli—cheek-needle, 
cheek-hiush, low er-lip-biush, nostiil-buisli, {b) aim and hand stimuli 
—arm-needle, hand-needle, hand-buish, (c) leg and foot stimuli— 
leg-needle, foot-biush, toe-needle. The data weie giouped thus in 
01 dci not to obstuie the existence of specific types of localized lesponses, 
since examination of the data levealed that there is some tendency 
for localized lesponses, when they occur, to occur close to the region 
of stimulation The olfactoiy stimuli were of course giouped togethei 

The responses to pam and tactual stimuli aie classified accoiding 
to extent of lesponse legardless of the number of stimuli required for 
eliciting the icsponse There aie not sufficient data to classify them 
specifically accoiding to the numbei of stimuli icquned. In the 
nu-iesponse categoiy we have the per cent of instances wheie more than 
one sLimulus was ncccssaiy 

With stimuli applied to poitions of the face, lesponscs show trends 
sitnilai to those in Part 1 Repetition of stimuli to pioduce a icsponse 
becomes less fiequent as gcneial motility increases Tlie per cent of 
breathing changes decicascs fiom condition /i]^ to conditions of 
grcatci motility as a component of the lesponse save in Az and Ca. 
Aim, liead, and mouth responses m combination aic geiieiallv fre¬ 
quent in any condition, although theie aie fewei mouth components in 
responses in conditions A ^,^, A\^ and Bi, than in any other condition, 
save where, howevei, theie is a total of only 6 cases Nevertheless, 
facial, vocal, and eyelid components mcicase as the infant becomes 
moie actnc Leg lesponses aie about the same, but the per cent is 
consistently less than that of arm and head icsponscs Theie are 
generally few highly specific lesponses such as toe and fingei move¬ 
ments and mouth or vocal lesponses occuiiing alone, The lack of 
specific, localized ic«ponse is especially m.uked m the C conditions, in 
C 2 ^ Ca, and Cr> there are no rcsjionses such as brcathing-change-only, 
me 01 fingei movements, movements of feet alone, oi of vocal, facial, 
or eyelid response alone In general, body-jeik lesponses decrease as 
motility mcienses, while geneial-stir lesponscs inciease There is also 
a slight tendency, as in Pait I, for bodv jeiks to be followed im- 
mechatelv by gcneial stirs 

The data obtained fiom stimulation of the arm and hand show only 
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bUglit variations fiom the above trends. Leg lesponses in all con¬ 
ditions are still about the same, but are only slightly less Ireciuent now 
than arm movements. Head responses, especially in combination, are 
less* frequent and deciease m conditions of greater motility, except in 
condition Cs; here, however, this merely indicates 1 out of 7 cases 
Mouth movements seldom occur in conditions or m this 

group of data, and increase somewhat in the other conditions, as do 
vocal, facial, and eyelid tomponents. Finger-movement responses aie 
more noticeable in most conditions than for head stimuli, and when 
occiiriing alone decrease somewhat as the infant becomes more 
active 

In the data obtained from stimulation of the leg and foot, we find 
toe, foot, and leg responses quite piominant, arm movement less fre¬ 
quent, and finger, hand, and head movement seldom occuning. As 
general motility increases, toc-inovcmcnt lesponses decrease, except for 
an increase in toe-plus movements m conditions 0$ nnd C^. Movc- 
ments of feet only are in every condition less frequent than foot move¬ 
ments in combination, just as leg-plus movements are always more 
frequent than leg-only responses. All the foot and leg responses, 
however, varj’ irregularly from one condition to another save leg- 
pluc responses, which definitely increase as the infant becomes more 
active. Arm-plus movements tend to increase, though less regularly 
Again mouth, vocal, facial, and eyelid responses appear more fre¬ 
quently in response patterns with incieasing general motility. As 
before, body jerks tend to decrease, and general stirs tend to increase, 
though body jerks plus stirs vary in no definite manner. 

The occasional appearance of a zero in only one of the C stages with 
respect to one type of response may possibly be attributed to a chance 
factor operating with a small number of cases 

With olfactory stimuli, theie is a rapid decrease in no-iesponses as 
the infant becomes morr* active but no pronounced order of decrease 
in hrcathing-clianges-only. On the other hand, there is an increase in 
foot responses, and in leg, hand, arm, and head movements in com¬ 
bination Head-onlv rcbponses show no insistent variation, but 
mouth, facial, vocnl, and eyelid components become more frequent as 
general activity increases, with only slight irregularities. As with 
the other stimuli, body jerks tend to decrease and stirs to increase 

In general, then, the extent of response to the stimuli in Part 2 
shows the follow ing trends; (<?) decrease in the number of no-responscs 
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oi rcpcfited ^tixnulntioiis as the infant becomes more active, (^) de¬ 
crease in the number of specific, localized responses, (c) increase in 
variability and extent of response, with a parallel incieasc m mouth, 
facial, vocal, and eyelid components, and {d) decrease m number of 
body jerks, with an inciease in the number of general stm 

Discussion or Results: III 

Responses (o Audtiorp Stimuli- In this section of the investigation 
only auditory stimuli were used, the frequencies were 256 and 2048 
cycles per second, and the corresponding intensities 22 and 24 dynes 
per sQuaie centimeter respectively 

The stages of motility with lefeience to auditory stimuli, m terms 
of duration of response, are ananged m Table 4 


TABLE 4 


2$6 

2048 

Both 

A, 

A* 

A, 




Ai 

A, 





At 

B, 

B, 

B, 

A, 

At 

Aj 

B, 


B, 

A, 

A> 

c, 

c, 

Cl 

c, 

B, 

Cl 

B, 

C, 

Bi 

B, 

B, 

£5 

B 4 

B, 

B 4 

Cs 

Cs 

Cl 


There were no An oi Ci conditions, and too few of //j and C 4 
to include The largest number of stimulations occuried in conditions 
Bit and ^a, with somewhat fewer m A^, and even 
less in Bi, An, C->, and C^. It is interesting to note that the con¬ 
ditions most variable in then position are those less frequently found 
in the newborn infant These classifications agree with those of 
Parts 1 and 2, uncorrected for signicant differences, with respect to 
this order at least’ Ax^, Ai,^, Bn, and Cq The one outstanding 
variation with auditoiv data is in the relative position of fia and the 
C 2 and Cn stages It may be that in these moderate stages of general 
activity an auditory stimulus has a quieting effect greater than in 
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a condition, however, while this would explain the lesults for 
a 256 frequency, it would not explain tlic order of motility stages 
for a 204S frequency, where Ca follows and Cs, process the 
stage. Totals for both sets of data, however, place the Ca and 63 
Stages before the B 3 stage Our only alternative is to say merely tliat 
an infant gciierallv gives shelter lesponses to auditory stimuli in 
conditions Co and C 3 than m condition Br. However, Ba is not 
sigiuhcantlv diftcient fiom Co and Ca (0 88 and 0 23) 

The critical ratio for each successive two stages of the total data 
m Part 3 is: 638, 2.75, 1 52, 1 63, 0 14. 1.61, 0 79, 0 88 . 1.66, 

0 07 , 0.60 A determination of other possible combinations reveals 
that only the following sequences aie significant' Ai^ A 2 , Bq, 
Cn (6 38,669,7 61,469),B,, Aj„ /i-i, Bg. Co (6.38. 4 R4. 3 80, 

4 69)f 01 /ii, Ai^> Ba, Ba, Cn (6 38, 970, 6.36, 469) Stages 
A’i, Ad^ and Bi are not significantly diffeicnt from one .mother 
iAj-A„ I 13. A.rB2, 0 14, A2'lh, 1.63). 

Considering only those sequences which me signiUcnntly different, 
the sequences oi Parts 1,2 nnd 3 which aic most similiai ate Pint 1 — 
Ai.^ B'it Ba, C 5 , part /Ja, C 2 , and C^, Part 3 

—Bi,i //i,,, Bs, Ba, Co. The sequences clisagiee with regaid to 
tile la^st two stages in each, but tlieie is no actual contiadiction 
Variation in the number of cases for each condition lathci than 
diffcrentinl stimulus eftccts may account for the discrepancy. 

Note also tliat stages Bn, and B^, in spite of the small number of 
cases where tliese conditions occurred, give responses consistently 
longer tlian those in any other condition except Cn, in which re¬ 
sponses to all stimuli are of greatest duiation This is in accord 
with casual observations that infants with eves open aie "awake^” 
especially when they are active as well. 

In everj' condition except C 2 the lesponse to the lower frequency 
is longer than to the higher frequency This is in accordance with 
Stubhs' (22) statement that sleeping infants respond "better” at 
lower than at higher pitches 

Classification of the data accoiding to sex and color shows no 
significant trends Classification according to age sliows no con¬ 
sistent vaiiations unless one compares, as before, the 0 -, 1 -, and 
2-day data with that fo. 8 , 9. and 10 davs Even here the only 
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indication is that in the stages the responses of older infants are 
gcneially shoiter than those of the youngei; that is, the mean re¬ 
sponses in conditions Ai^ and are shoitei (0.5 and 1 4 seconds) 
for the older infants than foi the vounget (0 7 and 1 7 seconds), 
though the reverse is true for the B-i and groups, and variable 
for the other stages 

Consideiing the extent of lesponsc, we find a lapid deciease in 
no-jesponses as gencial motility increases, and a sirnilai but less 
maiked decrease m breathing-changes-onlv Toe movements are 
infrequent in an}' condition, but as activity incieases, there is a de¬ 
cided increase in responses such as foot, leg, finger, hand, aim, and 
head movements in combination Theie is an enormous incieasc 
ill mouth, facial, vocal, and cvelid movements as components of 
more widcspiead responses Foi example, mouth movements incieasc 
f 1 om 0 6 per cent in //i, to 4 7 pei cent m Cs; vocal responses from 
0 to 7 1 pci cent (10 7 per cent in Ug), facial movements from 0 to 
28 6 pei cent; and eyelid movements from 0.9 per cent to 38.1 per 
cent Ilody jerks do not occur frequently in any condition, while 
geneial stirs show a maiked increase—fiom 0.3 per cent in 
to 38 5 per cent in B -,—hut drop back to 2 4 pei cent in Cn Leg 
and aim iespouses, m any condition, exceed the more specific finger, 
toe, hand, and foot lesponscs, though leg movements in combination 
occui more fiequently than arm-plus movements in any condition. 
Tile trends in geneial aie similar to those in Parts 1 and 2, save 
that thcie is no maiked diffeicnce here fiom conditions of least to 
greater motilitv in teims of specific, localized responses There is, 
if anything, a slight incieasc in specific icsponses of toes, feet, fingers, 
and hands, to auditoiv stimuli as geneial motility inci cases 

Total Data 

Taking the data as a whole, we find that in terms of duiation 
of response, the stages of sleep depth are Bi, A^, A 2 , 

Bi, C 2 , C-i, B[, and The ciitical latios for each two 
successive stages is’ 8.63, 5.12, 3 57, 0.34, 0 32, 7 19, 3 44, 2 30, 
1 15, 0 23, and 0 59 The only sequences where each stage is 
significantly different fiom the next, are shown m Table 5 

Conditions A^, Ar, and while slgnificantlv different from the 
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TAIJLE 5 


Criticai 

.■Ratios hetiveen 

Successive Stages 

OF MOTir tTV 

Sequence 

Critical Ratios 

Sequence 

Critical Ration 

A, 

8,63 

A, 

8 63 


S 12 

* 

5 12 


3 19, 3 S7, 3 97 


3 19, 3 57, 3 97 

Aj-As-B* 

B, 

6,61. 8,21, 7.19 


6 61, 8 21, 7 19 

3 44, 3 83 

4 48, 3 39 

A2-AJ-B3 

Ba 

3 04, 3,39 

C»-Cj 


B.-B, 


c, 





preceding and succeeding stages, arc not significantly difterent from 
each other (//g-ifa, 0 34; 0,82, 0 32), Likewise 

and Ca (2 30) and and B^ (0 23) nre not significantly diffeient. 
However, it may be possible to get a single composite sequence by 
combining Cq with i?{ and We find the mean thus obtained 
IS significantly diffeient from those for Cj and Ca (7.03 and 3 67). 
In other words, the fact that Cdj Bi, and Ba are not significantly 
difterent fiom each other but are significantly difteicnt when com¬ 
bined, can be interpreted to menn that when the eyes are open no 
difterential depths of sleep can be determined, and mouth movement 
IS not a determining factor as in the and Ba stages Sleep is lighter, 
or the infant is more awake, in these stages than in any condition 
where the eyes are closed, whatever the activity concomitants. 
Therefore we can adopt this sequence of total results: 

Bl 

^ 2 *^ 3'3 3 
C2*Cg 

(CB-I-B4 + B3) 

This sequence compaies favoiably with those found for Paits 1. 
2, and 3 separately: , 


Ptirl 1 

Pari 2 

Pait 3 



^ 1 . 



A, 

^2 

Cg-Bg 

A^-B, 

Co ’ 

A2>Ag-B, 

B,. 

Ca-C, 

c] 

C.^ 
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Variations from the sequence of total results consist piimaiily of 
the omission of stages, possibly due to lack of sufficient data for the 
stages omitted or to lack of significance of these criteiia. The only 
variation which may be a function of the stimulus used is the 
determination of a significant difteience between conditions and 
Cs in Pait 1 

Desciiptjvelv the sequence for the total data means that an infant 
“deepest asleep” is geneially quiet, shows no eyelid or mouth move¬ 
ment, and breathes regulaily. As its “sleep” becomes less deep, the 
bieathing loses its regularity Slight stirs of body membeis mav 
then appear, followed latei by eyelid movement and then mouth 
movement as ivell Or, in another infant, eyelid movement and 
mouth movement may appeal befoie the stus of body members me 
obseived While such stirs continue, tlie infant becomes more active, 
the eyes finally open, and mouth movement again appears The 
oidci of these stages is the exact opposite if wc are consideimg the 
process of “deepening sleep.” 

The specific sequence of stages foi any one child may vary slightly 
in that some of the stages may be skipped. One infant, for example, 
may in waking follow the sequence Ai^^, A^, B 2 , Ca, and 
Ca', another may follow tlie sequence Ai^, Bu Bzt Cat S*) 
with slight fluctuations back and forth throughout the process 
of waking up The actual stages observed may not be exactly the 
same foi tlie going-to-slcep and the ivaking-up piocesses in the same 
infant, again because difterent stages may be skipped. 

Glancing hack over the total data we also find consistent tiends 
foi the extent of the lesponse throughout the motility stages. As 
general motility increases, there is a steady deciease in no-iesponses, 
with a corresponding inciease in widespiead, variable responses with 
mouth, vocal, facial, and eyelid components 

With icgard to specific, localized lesponses, however, the change 
from one stage to, another seems, to depend upon the type of stimulus 
used This fact may be explained with refeience to a tabulation 
in which is given the per cent of cases in which each response occurs 
in condition only, to the stimuli used in Parts 1, 2, and 3. With 
auditoiy stimuli, Part 3, the tendency foi specific, localized responses 
to mciease as the infant becomes more active may be due, partially 
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at least, ta the fact tliat there aie few ic<;ponses of any soit to an 
auditory stimulus in conditions of least motility, somewhat more 
to an olfactoij’ stimulus, and even more to tactual or pain stimuli, 
the movements which do occur seem to depend upon the point of 
application, especially with tactual and pain stimuli For example, 
no response occurs in in 71.8 per cent of tlie cases with an 
auditoi V stimulus, 64 4 pci cent with an odoi; 47.9 per cent with 
arm and hand stimuli; 317 pei cent with head stimuli; 25 5 pei 
cent with leg and foot stimuli, and only 21.9 per cent with n needle- 
prick alone Likewise the responses of bicathing-changc-only lange 
tliiis- 16 4, 5,9. 0 7, 1 4, 0, and 0 6 per cent Hreathitig-change-plus 
responses vaiv almost mveiscly—0 3, 9.6, 141, 19,3, 6 1, and 4,9 
per cent, the last two peiccntages referring to stimulation of the 
caudal poition of the infant Similai analysis can be made of cvciy 
other Item The most ficquent occuncnce of any type of response to 
auditoiv stimuli in //i, is for leg-plus—3 0 per cent—but for the 
the other gioups the per cents aie 59, 296, 18 6, 17 0, and 14,5. 
The next most frequent response in Pail 3 is aims-plus—2 7 per 
cent—but the other groups give 6.7, 31 7, 22 1, 5 3, and 6.5 pei 
cent Again the last two figures refer to caudal stimulations, where 
we would not expect localization of lesponsc in the head end, hut 
even lieie the pci cents aic laigci than for aviditoiv stimuli. Note 
also the increasing pci cents of body jciks—0.6, 6 7, 12.7, 14 5, 
65, and 17 3—and of general stirs—03, 6 7, 6.3, 13 8, 5 3 and 3 J 
—where the first per cent lefcrs to Part 3, the next to odors, and 
so forth. While the per cents of mouth and eyelid components aie 
not least for auditoiv, tlic pei cents aie small for any type of 
stimuli in condition /ii^ In general, then, fewer body movements 
of any soit occui to nuditorv stimuli than to any of the othci stimuli 
used in this study, Hence, along with increasing complexity and 
extent of the response, it is not suipiising that wc find a slight 
concomitant increase in specific movements in Part 3 
Wc may reach the same conclusion by considering the data in a 
similar tabul.ation for condition Again wc find that the per 

cents of no-responses, breathing-chaiiges-only, and of larger body 
movements like body jerks, general stirs, and foot, leg, and arm 
responses arc least frequent for auditory stimuli, while only small per 
cents of more specific movements occur, regardless of the fact that 
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t)>ev may be s'lightly Jargci than foi other stimuli which elicit 
highly localized responses 

For the data as a whole, among the total-body movements the 
bodv-jeik lesponses, considered typical of “going to sleep,’’ decrease 
as the infant becomes moie active, while geneial body stiis, longer and 
slowei than body jciks m the sequence of movements, increase 

General Discussion 

Let us considei now the adequacy of the sleep ciitena used pre¬ 
viously foi infants Maiquis’ (16) ciitenon of “eyes closed for 
one minute” could be A 2 , Ast Bu B^, B 3 , Ci, C 2 , or C 3 . 

Piatt, Nelson, and Sun’s (19) ciitenon of “eVK dosed” could indudc 
anv of these stages as well as conditions of violent activity and cry¬ 
ing, besides momentaiv instances of eye closure in stages Bri, Ci, 
and Cz, Irwin's (II) cutciion, “eyes closed and quiet,” could include 
A 2 i and and possibly 5i, and wheic the stirs 
of body members are veiv slight; it could also include short fluiet 
inteivals in the Ci, Gi, and Ca stages, Dishcr’s (7) and Ta 5 dor’s 
(23) criteiion, “eyes closed and no obseivablc skeletal movement,” 
could incUide Ax ^ and Aiy^ at least, and possibly short inteivals in 
anv of the othei stages unless the ciitenon specified the length of 
the period to which tins ciitenon applied. Doclceray .and Rice’s (8) 
cnteiion, “quiet foj one minute pieceding stimulus,” could include 
Ax„) A 2 , Ao, and possibly B\y Bg, and B 3 if the stiis wcie very 
slight Even with the most geneious mteipretation, eliminating the 
possibility of chance moments of quiescence m Iightci sleep, the most 
adequate cnteiioii, that of Dishei, includes both the Ax^ and 
stages, Thus we sec that no one of these cnteiia accuiatclv identified 
tlie condition of “sleep” lefened to in the investigation And since 
the picsent results indicate definite changes m the natuie and extent, 
as well as duration, of infant lesponses fiom one stage to anothei, 
it IS obviously difficult, if not impossible, to compaic and evaluate 
the vaiioiis findings repotted 

A few’’ additional comments should be made concerning the Je¬ 
suits as a whole 

Numeious mteiesting factois concerned with lespiiation m the 
newborn infant have aiiseii in this study Thcie is no indication 
hcic to beai out Ciaitiaussel’s (3) desciiption of breathing in the 
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‘'Iceping iiewboin His youngest subject was 15 days old He 
concluded fiom the bieatluiig cuives foi this subject when "asleep” 
that external stimuli affect the cuive vciy little. ^Ve have pre¬ 
sented data showing numerous instances of such effects Fuitlier- 
inoic, lie found the inspiration hesitant, ariested midway, and rather 
slow, while the expiration is direct and rapid This type of bteath- 
iiig is found lierc and there in our recoids, but is by no means 
typical of the entire group of infants oi even of the same infant 
from one condition of sleep to another Ciamaussel also found sharp 
angles instead of smooth balf-ciicles, and extended, ticmulous 
plateaus 'While in Figure 1 we do have an example of such “sharp 
angles,” It IS the exception rather than the rule, for the smooth un¬ 
dulations in Figures 2 and 3 are found moic ficquentlv. But 
Cramausscl dcclaicd that breathing docs not become regular until 
the age of I'/i months at least It is quite likely that he did not 
obseivc enough infants, or even any one infant long enough; his 15- 
day-old subject probably did not happen to be obseived in any //j ^ 
condition, he gave no criterion of sleep, and hence could have been 
observing the infant in stage /d 2 , IS^, or Bn Examina¬ 

tion of the groups of figuics will give some idea of the great vana- 
tion in respiratory curves from one condition to another 

Another Interesting feature of the infant’s respiration is its 
occasional periodicity, two forms of which arc shown in Figures 5 
and 6. This periodicity is known as Cheync-Stokes breathing when 
found in tlie adult HowcU's (10) dcsciiption of this type of 
brcntbmg fits Figure 5 fairly well; he stated that this breathing 
occurs in groups of 10 or 30, separated by intervals equal to 30 or 
40 respiratory movements However, this would make tbe intervals 
between groups longer proportionately than m Figure 5 Wright’s 
(25) description of the Cheyne-Stokes breathing as periodic breathing, 
variable in form, could include less rhythmical types of periodicity 
than that illustrated by Howell, and therefore would include 
Figure 6 

While patliological conditions, the dorsal position, and the condi¬ 
tion of sleep are vaiiouslj' assigned by physiologists as causes of 
Cheyne-Stokes breathing in the adult, it is unlikely that these factors 
can furnish a complete explanation of the periodicity in the breathing 
of the newborn infant. This periodicity is only one phase of the 
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great amount of iiregulaijty found m infant bicathing m all stages 
except It may be that the function of the rcspiiatory centers 

is not so peifect at birth as wc generally assume, and thus the Cheyne- 
Stokes bicathing is only one indication of this imperfect respiratory 
control 

Occasionally we find an infant wlwse breathing is periodic through¬ 
out the peiiod of experimentation, but this occuis very infrequently. 
Usually the periodicity occuis when the infant is fairly quiet, cither 
when sinking into or coming out of a peiiod of “deeper sleep” as 
defined in this studv, just as Czerny (4) found that “breathing 
pauses” marked the boimdaiy of deep sleep Often an infant m con¬ 
dition Ai^ will show one oi two such breatliing gioups immediately 
following the presentation of a stimulus, the breathing gradually 
resuming its foimer regularity Such brief mteivals of periodicitv 
occur moie frequently than longer inteiyals of periodic bicathing. 

Canestnni (2) found no Cheyne-Stokes breathing m his infants, 
but it IS possible that he either observed too few cases oi did not 
happen to secure conditions of deepei sleep in a sufficient number of 
cases. Peipei (17) reported an occasional prolonged pause in the 
breathing dm mg sleep of two children 1^4 and 7 years old respectively 
Czerny (4) found no Cheyne-Stokes brcatbiDg in his subjects 23 
days to 6 rears of age, but did find frequent breatliing pauses which 
he claimed were more ficquent the younger the child, his diagram 
of these '‘breathing pnuscs” looks much like the less legular forms 
of Clieviie-Stckcs breathing described by Wright Probably he was 
using Howell’s more ihythmical type as a criterion Neveithdess, we 
have found even quite rhythmical groupings among our data 

The geneial question of typical sleep lespiiation may next he 
considered Czemv’s findings indicated the following changes (a) 
going to sleep: fast bieatlnng of avciage amplitude, (i) deepest 
sleep slower breathing of least amplitude; (c) waking up* faster 
breathing as in (a), wnth the greatest amplitude of all Now while 
we can pick out instances where this Older is followed, it is difficult 
in many cases to compare rate and amplitude of any other stage 
with those in Ai, because of the great irregularity of the bieathmg m 
all other conditions Also, while it is true that in our own subjects 
the respiratory undulations are usually smoothly rounded as in 
Czerny’s illustrations, there are also cases, some more extreme than 
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Figuic I, wheic theie aie sharp angles instead of smootli semi¬ 
circles and wheie the amplitude can hr no means be called “least’' 
Czcrm’ also found the expiration longer in the process of going to 
sleep Hcie again wc can find occasional cases indicating such a 
tendenc}', but the cases aie too few to he consideied icprescntative 
of the entire group 

The rcgiilai bicathing cuives which Ciamaussel found only in 
oldei children can he duplicated in our recoids secuied fiom new¬ 
born subjects. As suggested before, Cramaussel studied too few 
subjects, and piobabh' did not studv bis few subjects Lontinuously 
enough to discover bieathing typical of deep sleep. 

Cnnestrini’s (2) study of newborn infants revealed, like that 
of Czemy, that bienthing becomes slower and vvenker in sleep 
Often lie noted disturbed respiration m the infant’s sleep with no 
appaient external cause, this would conespond to our observa¬ 
tions of iiregulnrity in every condition except Ai^. 

In general, our study points to the vast amount of megulaiitv in 
the respiration of ncwboin infants rather than to definite, clear- 
cut generalizations such as those cited. We could select cases to fit 
every generalization made pieviously, but by so doing wc would be 
neglecting the impoitnnt fact of dominant iiregularity which only 
an investigation involving a large number of cases with continuous 
records, like the picsent study, can reveal 

The fact that an auditoiy stimulus may pioduce only a lespiratorv 
change in a sleeping infant has been pointed out by vaiious investi¬ 
gators Czerny in 1892 claimed that the newborn infant is dc.af, hut 
a respiratory response alone to an auditory stimulus can be secuied 
with an older child. Caianiausscl in 1911 found that auditoiv 
stimuli do not affect the bieathing curve of the newborn oi 
verv voung infant, but in an infant 1^2 months old the sound of the 
flute and othci music will affect the breathing cuive, the effect 
depending upon whether the obseivation is made at the beginning 
01 at the end of sleep, and whether the sleep is moie or less quiet or 
profound. Effects increase as the bicathing becomes moie iiregiilar 
Here we have a hint of differential responses in tcims of the depth of 
sleep- Canestrmi m 1913 found that external stimuli, especially 
auditory, not strong enough to awaken the infant may vet modify 
the bicathing curve Stern in 192+ did not specify breathing effects, 
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hut claimed that ‘‘sometimes noises will even cause twitching in sleep 
without waking the child” (p. 74), and that heaung in tlie infant 
pioduces mvaiuible shock reactions The first statement of his is 
true, accoiding to our data, but the second is false, for otherwise we 
would have had about 100 per cent bodvjcik responses to auditory 
stimuli Statements attnbuting deafness to the newborn have long 
been discaided. 

Recently Stubbs (22) made a study of sound eftects on respiration, 
in the newborn infant, giving specifically the effects of duiation, in¬ 
tensity, and pitch upon bieathing These cliangcs were classed as 
slower or fastei, deeper or shallowei, more regulai or less regulai 
We aie dubious about the possibility of making aibitiaiy judgments 
of this soit except m condition wlicic the bieathing is ipute 
leguUr. In any otliei condition it is usually haul to decide whether 
a given uregulanty is the icsult of a stimulus or merely an accidental 
iircgular form in an alieady irregular cuive Since in the picsent 
study tlie duiation, intensity, and pitch weie constant throughout 
the picsentations, we can only compaic oui data where these factors 
have equivalent values in the other study 

With a five-second duiation, Stubbs found 16 5 pci cent of the 
stimulus picsentations icsulted in less regular breatlung, and 291 
pei cent icsulted in no lesponse at all avhen the infant was “nsleep”, 
apparentl)' this means “eyes closed and quiet” here In our own 
data, a bicathing-change-only, which loughly couesponds to the 
"less icgulai” hieatlung above, is found in 164 pei cent of the 
cases in A-i^, 18 0 m 13 0 in i?i, 129 in //g. and 16 0 in /h 
Any one of tliesc stages might have been included m the above categorv 
of “asleep,” both because of its definition and because of the fact that 
the condition was an instantaneous judgment made evciy half 
minute It is thus conceivable that Bz and Rs conditions could have 
slipped into the "asleep” category; oui results for tlicse m terms 
of bi catfling changes only arc 6 6 pei cent and 3.9 per cent Out¬ 
side of these two stages, our lesults agree faiily well witli those of 
Stubbs if we may assume the identity of “bicathing change unlv” and 
“less regulai breathing.” 

The need foi defining the “asleep” condition is moie appaient m 
the discrepancy of Stubbs’ no-response estimate of 29 1 per cent 
as compared with ouis' 71.8 per cent m 56.2 pci cent m 
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39.1 per cent in Ih, 27.6 pei cent in J 2 , 16 8 per cent in Bz, 14.0 
per cent in /Js, and 5 0 per cent in 

Since It IS difficult to compare Jicr sensation units of intensity 
■\\itli our own fixed intensity levels, we shall pass on to her data 
on pitch differences. Although she has no 2048 frequency, slie did 
use 256. For this fiequcncy theie is less regular breathing in 4.3 per 
Lent of the cases and 25 0 per cent no-responsc. Heie again the 
need foi more accurate specification of the “asleep” condition is 
indiLated In oui own results tlic bjcathing-change-onlv occurs 

in 15.9 pci cent of the cases m /Ii^, 18 5 m //i„, 14 3 per cent in A 2 , 
22 2 pei cent m A 3 , 8.7 per cent in Bi, S 8 per cent in ^ 2 , and 4 3 
in Bs, the last being the only estimate agreeing with Stubbs’ The 
no-response results arc 6.9 pei cent for Ai^, 52 3 per cent foi Ai^^ 
29 8 per cent foi A^, 14 8 per cent foi As, 17.4 per cent for Bi, 12.4- 
per cent for B 2 , and 2 8 per cent for B 3 

Since the olfactory stimuli aie identical to those employed by 
Dishei (8), sninc comparison can be made between her results and 
our own. Although we have too few stimulus presentations to com¬ 
pare results for each odoi separately, we can at least compare the 
totals Dishei found that with n 20-cc "stimulus value," 69 per 
cent of the infants as n whole made a response. Her sleep criterion 
includes at least our Ai^ and Ai ^ stages, but for these conditions the 
pet cent of the total stimulus presentation producing no response is 
64.4 per cent and 49.1 pei cent respectively, far beyond the estimate 
Riven by Disher. The other stages give per cents of no-response as 
follows. £ 1 —46 9; /Ya—23.1, //g—7.5, 5.—16 8, 5s—17 6; C 2 — 
5.3, C 3 —7.7; Co—0, It may be that her sleep criteiion allowed so 
many instances of other conditions besides and Ai^ to be in¬ 
cluded, that the per cent of no-response was markedly decreased On 
the otlicr hand, the omission of two odois, asafoetida and citronella, 
which produced a high percentage of response in Dishei’s results, 
may have increased our own percentage of no responses. However, 
we also omitted pure air, which had the lowest percentage of responses 
in the otlipr study Therefore the latter explanation for the discrep¬ 
ancy of results seems less reasonable than the first one given above 
Still another study may be commented upon here—that of Irwin 
(13) on the distribution of the amount of activity in young infants 
betw^een two nuising periods. He pointed out tliat while motility, 
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as rccoicled by tlie stahilimetei, is least aftcj feeding and incieases 
steadily tlirougliout tlie mteival befoic tiie ne\t nujsing, the per cent 
of infant-s asleep is gieatest about the middle of the mteival and 
least at the beg/nntng. He concluded that if oveit inactivity is de- 
siied, the best time to expeiimcnt is light after feeding, but if sleep 
IS desired, one should choose the middle of the period. 

Accoidmg to this, motility and depth of sleep are not parallel But 
this refers to gioss motility sufficient to make a btahilimctei record 
Theie may be frequent sliglit stiis of body members at fiist, which 
aic too slow or too slight to make a stabilimeter lecoid, and hence a 
peiiod of quiet would be recorded. During tlic middle of the pciiod, 
wlien moie sleep is jepoited, there may be enough body jeiks or deep 
inspiiations in the going-to-slecp process to give a lecord of activity 
gteatei than that obtained foi thccailv paitof the peiiod Thciefoic, 
if inactivity in the infant, in an absolute sense, is desired, the fiist 
pait of the peiiod might still be less desnable than the middle part, 
with Its relatively gieatei inactivity between the startles or body 
jeiks. Hcic we assume, of course, that Iiwin's sleep ciiterion— 
“eyes closed, body quiet”—probably includes more and 
conditions than anv of the others wc have listed. We also assume that 
Ins jcpoit concerning the relative distiibution of the amount of sleep 
tliroiigliout the period is coriect. 

Gilmei (9) jcported that slie found no "cheiving” movements in 
sleeping infants, though she gave no definition of sleep In the present 
study, howevei, "chewing,” as a series of sliglit movements of the 
lower lip or jaw alone, did occur occasionally The mouth movement 
in the exceptional 45 cases where no eyelid movement accompanied 
it, was nearly always of this type. These instances occuiicd in con¬ 
ditions which would otherwise have been known as /ii,, or Bi 
—conditions of relatively deep sleep, according to oui criterion 
"Chewing” was also part of the mouth movements recorded for otlicr 
conditions of lighter sleep, such as and Bs, which might also have 
been included occasionally in Gihnci’s categoiy of sleep 

Summary 

A total ot 197 newborn infants in various conditions of motility 
were given 5342 presentations of pain, tactual, olfactory, and auditory 
stimuli These conditions of motility were lanked as stages of depth 
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of sleep in terms of the duration and extent of the responses made in 
each condition The stages in sleep depth thus determined, ranging 
from deepest to lightest •sleep, are as follows* 

1 Infant generally quiet; no eyelid or mouth movement, 

regular breathing. 

2. Infant generally quiet; no ej'clid or mouth movement, 
irregular breathing 

3. Hi' Occasional stirs of body members, no eyelid oi mouth 
movement 

4 /Iv Infant geneiallj quiet with eyelid movement, 

infant generally quiet with eyelid and mouth movement, occasional 
stins of body members with cvelid movement. 

5. At. Occasional stirs of body mcmbeis, eyelid and mouth 
movement 

6 Ciy C^ Infant geiicially active with ciclid tnovement, in¬ 
fant generally active with evehd and mouth movement 

1 Infant generallj' active, with eyes open and mouth 

movement; occasional btirs of bodj' members and eyes open, with 
or without mouth movement. 
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ORDINAL POSITION AND THE REHAVIOR DISOR- 
DICRS OF YOUNG CHILDREN'^ 
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Ira S, WiLi:, MD, and Ann B Jonks 


The piesent study was undertaken in an effoit to dibcovct whether 
or not there is any positive and significant correlation between tlie 
ordei of biith of children and their “ptoblems” or bchavioi dis¬ 
orders. Alfred Adlei in Problems of Neutosis (2), claims that the 
family constellation has its effects upon each me/nhei in an individiial 
and specific way. One of us [Wile (22)], lias wiittcn that Adler's 
theory “practically cicatcs a deteiminism of the chaiactciistics based 
upon the older of biith ” With this in mind, wc have sought to de¬ 
termine tlie predominant chaiacteiistics of childien in each of five 
positions in the family gioup, m older to ascertain if any tiait is 
pcculiai to a child in a specific ordinal position Wc have correlated 
specific behaviors with such factors as sex, intelligence and age 

One bundled and twentj'-five histones of children under eight 
years old weie selected fiom the records of the Children’s Health 
Class of Mt Sinai Hospital. Twent}'-fivc wcic selected to form 
each group of the following five groups (<?) only children, (i) older 
children from two-cliild families, (c) middle childien fiom families 
of three or moie childien, {d) younger childien fiom two-child 
families and (e) youngest childien fiom families of thiee or moie 
children. The histones weie taken consecutively until the quota 
for each group was filled In our discussion, theieforc, we consider 
the groups as units and without rcfeicnce to the pcicentage any 
single group forms of the total clinic population 

The ages of the children langc from two yenis to eight years, 
the median clnonological age foi the entiic group of 125 children 
being six years, thiee months. The IQ ranges fiom 38 to 131, 
with the median 105, indicating that the childien weic m the normal 
category with a distribution of IQ not vciy dissimilar to that of the 
general population. The Stanford Binet test, as administered and 
recoided by Miss Rose Davis, supplied our pS3'chological data 

*Received m the Editoiial Office on January 4, 1937 
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The cuUuial and racial background of the clulclren vaiied 
shglitlv> althougli the inajoiitv of tliem aie of Russian Jewish descent 
and in tlie low middle economic class Most of the parents are 
English speaking and the children attend the public schools in oi 
near Ncu' York 

The infoimation concerning behavioi relates to the facts stated 
or elicited at the time of admission to the Childien’s Health Class 
Almost all the histories wcic taken and written up bv the same 
peison, whciefoie we believe that the desciiptive terms employed to 
denote behavioi leactions arc leasonablv consistent and reliable 
Restlessness, foi example, signifies any kind of hypeiactivity 
noted and described by the mother oi the teachei who lefened the 
child to the clinic. Food fads represents any feeding piohlem which 
involves a icfusal to eat Unmanageable indicates that a child is 
vciy stubborn, objects to diicction, oi refuses to comply with reason¬ 
able Jiistnictions All othei desciiptive tciins Jiave their geneiallj' 
accepted meanings. 

Inasmuch as our pioblem centcicd upon the possible relation of the 
overt bchaviois to ordei of birth, we shall omit unnecessaiy details 
concerning physical status The physical factois may be disregarded, 
•'avc to state that cvciv child received a physical examination upon 
admission and all weie found Jiee fiom any significant oi serious 
organic defect If the weight of each child may be regarded as a 
loose index of his general health, it is woith noting that of the 125 
childieii, 37 oi about 28 pci cent weie within one pound of the 
average weight foi their age and height. Of those moie than one 
pound underweight, the median was thiee pounds underweight and 
of those moic tlian one pound undeiweight, the median was four 
and one-half pounds ovciwcight Both of the deviations are in¬ 
significant because they are wholly within normal limits according 
Co accepted standards 

We first studied the five gioups of 25, based upon biith oidei, m 
.1 search for any outstanding traits of behavioi chaiacteiizmg any 
paiiicular group Our tabulation of the belraviors giving rise to 
complaints constitutes Table 1 We have arranged the items in 
tliniinisliing older of frequency, employing as descriptive terms the 
symptoms in the icportcd disoider responsible for the child’s piesence 
at the clinic 
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TABLE 1 

Behavior DisoRPERs ih Ordinal Tosition Groups 



25 


25 


25 

Symptom 

Only Symptom Olde 

1 Symptom Middle 

Restlessness 

12 

Resllesancaa 

9 

Temper tantra 

9 

Food fads 

10 

Qiiairels with sibllnc 9 

Tntell retardation 

9 

Vomiting 

9 

Tempei tnntia 

S 

Enuresis 

7 

Temper tantrn 

7 

Quarrels with others 

8 

Speech defect 

6 

Eniiiesis 

6 

Fond fads 

6 

Uiiinanagcablc 

6 

Fears 

6 

Cries easily 

5 

Quarrels with 






sibling 

6 

Qiiaricls with otheis 6 

Mail biter 

5 

Disobedient 

6 

M over protection 

6 

Enuresis 

S 

Quairels with ntheis 

5 

Destructive 

5 

Might tcrroia 

5 

Restlessness 

S 

Speech defect 

4 

M dresses and feeds 

5 

Swears 

s 

Converted sinistral 

4 

Vomiting 

4 

M feeds and di esses 

4 

M dresses and feeds 4 


4 

Tic 

3 

Intell ictardntion 

3 

Disobedient 

4 

Cues easily 

3 

Cries easily 

2 

School pioblem 

4 

Nail biter 

3 

Nail biter 

2 

Destructive 

4 

Stealing 

3 

Constipation 

2 

Unmanageable 

3 

Fears 

3 

Sucks thumb 

2 

Tic 

3 

Converted sinistral 

2 

Unmanageable 

1 

Masturbfltinn 

5 

Shy 

2 

Tic 

1 

Converted sinistrnl 

3 

Infantile 

1 

Masturbation 

1 

Speech defect 

2 

Truancy 

1 



Pains 

2 

Asthma attacks 

1 



Shy 

1 

Masturbatiun 

1 



M over protection 

1 

M ovei protection 

1 



Retardation 

1 

Ii ritable 

1 



Stealing 

1 

Sucks iliumb 

1 



Irritable 

t 

Vomiting 

1 





Poms 

1 


25 25 


Symptom 

Younger 

Symptom 

Youngest 

Temper tantra 

10 

Restlessness 

10 

Quarrels with sibling 

9 

Food fads 

9 

Fears 

8 

Temper tantra 

8 

Restlessness 

6 

Disobedience 

8 

Enuresis 

4 

Converted sinistral 

7 

Vomiting 

4 

Vomiting 

7 

Converted sinistral 

5 

M dresses and feeds 

6 

Food fads 

4 

Quarrels ivith others 

6 

Quarrels with others 

4 

Enuresis 

5 

Unmanageable 

4 

School problem 

5 

Swearing 

3 

Nail biter 

5 

Sleeps badly 

3 

Unmanageable 

4 

Destructive 

3 

Speech defect 

4 

Irritable 

3 

Tic 

3 

Pams 

2 

Masturbation 

3 

Nail biter 

2 

Pains 

3 

Dislikes school 

2 

Cries easily 

3 

Cries easily 

2 

Fears 

3 

Shy 

2 

Quarrels witb sibling 

2 

Speech defect 

2 

Ii ritable 

2 

Masturbation 

2 

Destructive 

2 

Fights 

2 

Swears 

2 

Tic 

1 

M over protection 

2 

Delinquency 

1 

Coiiitipation 

1 

Asthma attacks 

Truancy 

1 

1 

Shy 

1 
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Table I shows that in no group do mote than 48 per cent of the 
children show the same trait Variation of behavior is as marked 
within each group, as it is between the groups This immediately 
suggests that the order of birth is not a ilcterministic factor Posi¬ 
tion in the family constellation docs not manifest itself, as, or in, 
ary particular trait in a majority of the cases of any group, which 
should he the fact, if the ordinal position was responsible for, or even 
was consistently accompanied by, definite behavior ticnds oi patterns. 

Our next problem was to asceitain whether or not the presence 
oi one specific behavior was consistentlv accompanied by any related 
munifcstatidn of dysharmony. If a child consistently refused food, 
would he also vomit when the food was forced^ To solve this we 
listed the four traits of most frequent occuiicnces m each gioup 
along with the other symptomatic behaviois which accompanied them 
This IS compiled as Tabic 2. 

Tabic 2 clearly demonstrates that none of the cnumciated be¬ 
haviors IS accompanied consistently by another behavior disoidcf 
In a few instances one symptom may be associated to the extent of 
SO per cent with another specific behavioi, but this is contrary to the 
general findings. Among the 25 only children, lestJessness occurred 
12 times and in only half of the occasions was it accompanied by food 
fads. Food fads of 10 childicn were accompanied by restlessness 
in six cases. On tJio other hand, lestlessiicss tvas not associated with 
any other svmptom to the extent of 50 per cent, while 50 per cent 
of food fads were accompanied by vomiting, and vomiting was ac¬ 
companied bv almost 60 per cent of food fads. Temper tantra 
were associated with restlessness and quarreling with others to the 
extent of 50 per cent. Hetice specific symptom association docs not 
exist within this group The identical fact is obvious from a glance 
at the data of Tabic 2 that applies to the aider, the yonngei, the 
middle and the yoimgesf child. As h patent from Table 2, and we 
ale aware that the numbers arc few (25 in each gioup), theie is no 
evidence of a basic concomitance between coexistent symptoms ns 
they appear in any one of the five categories (all below 50 per cent), 
which would be nccessarv> if the behaviors weie determined by the 
ordinal position, as urged by Adler 

The four most frequent traits for each gioup weie retabulatecl, in 
terms of their appioxiiiiatc percentage of occmrence m each group, 
in order to compare these types of behavior in terms of their lelative 



FOUR Most Common Symptoms for Each Group and Their Accompanying Symptoms in Oroer of 
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Masturbation 
Converted simstral 
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iiitcrgroup frequency Xhrec traits were common to two groups 
so that tJic list of behaviors total seventeen instead of twenty. 

The probable significance of the percental differences of specific 
beliaviors m the several gioiips varied considerably, lienee tiie statis¬ 
tical meaning requires study at this time, especially in the light of the 
small numbers involved 

Example 1. Restlessness was found in 48 pci cent of the eases 
of only children, and m 40 per cent of yonnffest children—a differ¬ 
ence of 8 per cent. Is this difference statistically significant, when 
based, in each case, on only 25 cascs^ Or, what is the PE of this 
difference? (PE = a measure on each side of the mean witlnn which 
one-half the eases would fall Or, what aie the chances that a similar 
difference (le, a diffcionce gfcatei than zeio in the same direction) 
\Nould he f<3und in otliei and larger samples? 

Let f* = Standard Deviation of a propoition or percentage 


H 


A—- 

(ij 

n 


PQ 

PE — .6745- 

(2) 

n 


FEhu, = -h PEa^ 

(3) 


"Where p *= per cent or proportion; q *= difference between p and 
1 00; n number of eases, p and q vary between 0 0 and 1 00. By 
formula (2), PE of 48 per cent — .067 and PE of 40 per cent » 
.066' By formul.i (3), 067* = .004543. 066- — .004360 
V 00+543 4- 004369 —V-008912. PE => 094. The PE of this 
difference of 8 pci cent based on 25 cases cgimlled 094, while the 
observed difference was only .08; • since the PE is larger than the 
observed difference of 8 pci cent it may be due to pure chance If 
the observed diffcreiice is twice as great as the PE, the chance that 
It IS not due to pure chnnee is 4j4 to 1 , 

Observed dilTcrcnce crjiial to PE Chance of occurrence 

1 TE 1 to 1 

2 PE 4^ to 1 

3 PE 22 to I 

4 PE 1+2 to 1 

In the present study most of the differences of less than 15 per 
cent are of doubtful significance (PE’s tend to fluctuate between 
05 and 09 The exact significance would, of course, have to be 
computed in each case } 

'Table of siandnrd errors pnd probable errors of percentages for vary¬ 
ing numbers of cases, hy U A Edgertoii and 1) G Paterson, J AppI 
Psychol, 1926, 10, 378-591 
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Example 2 

M over-protection, Only. 2+ per cent, Youitffesl, S pei cent, diff, 16 per cent 
PE/i= 057®= 003282 (2+%) 

PE/.= 03fi^= 001325_{ 8%) 

V004608 
= 0678 
= 07 

The chsinces aie more than to 1 that diffeience is not due to 
mere chance 

Obviously the status of being an only child or the youngest child 
of a family is pure chance If, therefore, maternal ovci-protection, 
as a complaint, is not due to puie chance, the deteimining factor 
may be in the mother, rather than the ordinal position or in some 
function of the total family-mothcr-child situation The truth of 
this appears in such differences ns involve a zero pejccntage in one or 
more of the groups, as 

Food feds middle 

Moternal over protection younger 0% 

Mother feeds and dresses younger 0% 

Disobedient (only 0%) younger 0% 

School proble/n (only middle 0% 

Intellectual retardation yotingei 0%, youngesl 0% 

A lack of ability to quarrel with siblings, however, is definitely 
due to ordinal position, which becomes appaicnt, upon noting that 
the ofily child group quuirels with others, as fiequentlv as the yoNfig- 
est group, and hence possesses the ability to quarrel Converted 
sinistral, howevci, is jiot a condition due to ordinal position, as 
dominant handedne^ is not affected by birth order, although the 
rise m the complaint from only^ to oldci, to younger^ to yonngeitj 
suggests that increasing experience and pattern might be operative 
Patently the middle groups would be low, if conversion weie prac¬ 
ticed on only, oldei and youngei children 

That disobedience was not a complaint foi only and younger 
children and rises from ohlei, to middle, to youngesl childien, again 
suggests that the complaint is a function of a total situation, and not 
a piimary element of the ordinal position—obviously only and 
youngei chilcben disobey, though they weie not among this group 
of children refened to the clinic This applies to mateinal over- 
piotection and mothci feeds and dresses, which weie not complaints 
in the gioup of ynungei children 

Reference to the frequency percentages m Table 3 demonstrates 
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TABLE 3 

PFRtfNTAI I>ISrRinUT10N Of Sl'PCIPIC DISORDERS AND TlIEIR COMPARAflVE ANt) 
iNTFRcRoup Relations 


III ( ) will be found the relntive frequency of the symptoms in the live 
groups, S liciriK (he highest frequency and f being the lowest,_ 


Symplom 

Only 

Older 

Middle 

Younger 

Youngest 


48(5) 

36(3) 

20(1) 

24(2) 

40(4) 


40(5) 

24(3) 

0(1) 

16(2) 

36(4) 


3«(4) 

16(1) 

44(5) 

16(2) 

28(3) 

Temper l.inlra 

28(1) 

32(3) 

36(4) 

40(S) 

32(2) 

24(4) 

20(3) 

28(5) 

16(1) 

20(2) 

Fears 

2K4) 

16(3) 

12(1) 

35(5) 

12(2) 

Quarrels wilh nihers 

24(3) 

32(5) 

20(2) 

16(1) 

24(4) 

M ovcr-proteclion 

24(5) 

4(3) 

4(2) 

0(1) 

8(4) 

Quarrels wilh sibling 

0(1) 

36(4) 

24(3) 

36(5) 

8(2) 

Inlelligcncc rciordation 

12(4) 

4(3) 

32(5) 

0(1) 

0(2) 

Speech defect 

16(2) 

8(1) 

2+(4) 

44(5) 

16(3) 

Unmnnogcable 

4(1) 

12(2) 

24.(5) 

16(3) 

16(4) 

Disobedient 

0(1) 

16(3) 

2+(4) 

0(2) 

32(5) 

Converted sinistra) 

12(2) 

16(3) 

Ml) 

20(4) 

28(5) 

M feeds and dresses 

20(4) 

16(3) 

0(1) 

16(2) 

0(1) 

24(5) 

School problem 

16(4) 

0(2) 

8(3) 

20(5) 

Nail biter 

20(4) 

8(1) 

12(3) 

8(2) 

20(5) 

Total freqviencv 

S4 

46 

50 

46 

60 

Weighling 

Total (5) 

3 

1 

4 

4 

5 

(4) 

6 

1 

3 

] 

5 

Rating positions 

(J) 

1 

10 

2 

2 

2 

U) 

3 

1 

4 

5 

0 

U) 

4 

4 

+ 

C 

S 


the pcrccntiil distribution of each syraptoinatic behavior for each of 
the five groups. It appeals that temper tantra occur most frequently 
aiuonff the younffer and middle childicn, who have older siblings 
to armor them and prevent them fiom attaining their wishes Ma¬ 
ternal over-protection is a moic significant problem of the only chil¬ 
dren than of the other types. One notes that the mother tends to 
prolong the dressing and feeding of her j'oungest child, frequently 
her only child. Table 3 reveals many differences, some ns marked 
.IS food fads, others as trifling as enuresis. 

Ratings were made for the ficquencies of a symptom in the group, 
five representing the highest and one the lowest frequency. These 
have been used as weightings, for purposes of lough comparison only, 
as all the assigned ratings are not wholly valid, as rvhen the pei- 
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centages are identical foi two or more gioupa, one of them is rated 
as higher. Furthermoie our groups are statistically too small to 
warrant Complete dependence upon the percentage calculations Fur¬ 
ther it IS propel to note heie that the disorders complained of are 
mere tabulated symptoms, and do not repicsent single behaviors foi 
which the childien were lefencd to the clinic It is patent that 
the actual leasons for taking a child to a clinic must involve, not 
merely the family constellation, but also the natiiie of the pioblem, 
whicii includes the home situation, which we have ignoied so as not 
to complicate our suivey of the ordinal position as a dominant factor 
The frequency of rating positions indicates that of the groups the 
youngest child has 10 of [5] and [4], followed in oidci by only 
child with 9, jnulflle child 7, younger child 5, and oldei child 2 
The implication of this fact is not wholly wananted because of the 
diverse chaiactei of the behaviors rated—thus it is not logically 
or scienlificallv sound to compaic the meaning oi lelalive hazaids of 
such undesirable factors as converted sinistra), nail bitci, lestlessness, 
enuresis and fears. Despite these admitted weaknesses, we believe 
our method is wananted for its suggestive data 

The two groups having the highest weighting of frequency as 
computed for the gioups were the youngest of rnany [60] and the 
only child [54] groups. The difference between the youngest child 
[60] and the younger child [46] groups, is 14 points This is sig¬ 
nificant and suggests that the youngest child has a familial position 
more similar to that of the only child than to that of the youngoi 
child in terms of frequency of undesirable reactions This is not in 
accord with Dr Adler’s theory. The only child has the heaviest 
weighting m restlessness, food fads, and maternal over-protection, 
while the youngest child is second in these traits The youngest child 
has the heaviest weighting in nail biting, school problems, and 
mother dressing and feeding, in which traits the only child has a 
close second weighting 

A comparison of the olda and yonttffet gioups indicates an iden¬ 
tical weighting for the oJdei [46] and for the youngef [46] child 
It IS noteworthy that quarrels with otheis is more common among 
the older than the younger group The older group holds the median 
position for 10 of the 17 symptoms, with the highest rating for 
quarieling and lowest rating for vomiting, speech defects, school 
problems and nail biting. It appears that the older child is a'very 
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ordinar\’ person and presents fewei outstanding disorders than the 
Ollier groups of clnldrcn 

The 7 iinUle group and tlie younger child aftord some striking 
contrasts, as in, food fads, intellectual letardation and disobedience. 
The viiddle group presents the most frequent occurrence of vomiting 
enuresis, retardation, and unmaiiageability The younger child 
group evhibits temper tantra, fears and quiirrcls with sibling and 
speech defects most frequently of all the groups. 

Table 4 lists the observed differences of more than 15 per cent, in 
which the likelihood that the difference is due to more than pure 
chance Is at least 4^ to 1 It is noticeable that temper tantra, 
enuresis and nail biting arc not within the category of chance One 
now notes the following interesting facts 

Restlessness is least frcciuent among the middle group 
Food fads ore least frequent among the middle group 
Vomiting J8 least frequent among the younger group 
Fears are least frequent among the middle and youngest groups 
Quarrels with others are least frequent among the younger group 
Quarrels with siblings are least frequent among the youngest 
group. 

Speech defect is least frequent among the older group 
IJninanagcable is least frequent among the only group 
Disobedience is least frequent among the only group 
Ml feeds and dresses Is least frequent among the younger group 
School problems are least frequent among the older and middle 
group 

Restlessness and food fads are most frequent in only groups 
Vomiting Is most frequent in middle group. 

M over>protection is almost limited to ordy group 
Intelleclunl retardation is almost limited to middle group 
Speech defect is almost limited to younger group 
Fears are most frequent in yo«H» 7 <’r group, 

Disobedience is most frequent in youngest group. 

Converted smistrnla are most frequent in youngest group 
School problem is most frequent in youngest group 
Quarrels with others is most frequent in older group 
Mother feeds and dresses is most frequent in youngest group. 


Rearranging these data, where a difference of more than 15 pei 
cent occurs, one finds the following peculiar grouping of behaviors, 
reflecting mixtures of personality traits and specific behaviors 


Only child 


Older child 


Least frequent 
Most frequent 

Least frequent 
Most frequent 


unmanageable, disobedient 
restlessness, food fads, vomiting, ma¬ 
ternal over-protection 
speech defects, school, problem 
quarrels with others. 
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Middle child 

Younger child 
Youngcat child 


Least frequent* 

Most frequent 

Leait fiequent 

Most frequent 
Least frequent 
Moat frequent 


food fads, fears, school problems, 
vomiting. 

intellectual retardation, quarrels with 
others, 

vomiting; quarrels with others, mother 
feeds and diessca, 
speech defects, fears, 
fears, quanels with siblings, 
disobedient, converted sinistra), school 
problem, mother feeds and dressea. 


Various inconsistencies appear which cast further doubt upon the 
influence of ordinal position Thus to find intellectual retardation 
most frequent and scliool problem less frequent in the middle group 
raises a question of tlic influence of bath order This holds true 
for the youngest, with quarrels with siblings least frequent, and dis¬ 
obedience most fiequent, and even more so for maternal ovcr-protec- 
tion most frequent among the only, with tlie mothei feeds and 
dresses most frequent among the youngest child group. 

The numerical range of symptoms presented by each child was 
found to be from I to 8, with a median of 4 for each group The 
specific symptoms, however, varied in the groups as is manifest in 
Table 5, which lists the four most frequent behaviors characterizing 
each group 


TABLE S 

The Pour Symptoms Most Frequent m Complaints 


Only child 

Older oi tivo 

Middie child 

Younger of two Youngest eh'iid 

Temper tantra 

Temper tantra 

Temper tantra 

Temper tantra 

Temper tantra 

Restlessness 

Restlessness 

Jictardafton 

Restlessness 

Restlessness 

Food fads 

Quarrels with 
sibling 

Unurests 

Quarrels with 
sibling 

Food fads 

VomtUng 

Quarrels with 
otlieis 

apcei/i defect 

Fears 

Disobedience 


Each group manifests at least one bchavioi, italicized, which does 
not appear in the other groups while the middle child group has 
three peculiar to itself Otherwise there is a good deal of similaiity. 
Temper tantia is common to all the groups, indicating that its oc¬ 
currence 18 not due to ordinal position Restlessness occurs in all 
groups except middle child, while food fads, quarrels with sibling 
appear in the only child and youngest child groups, which have tliree 
of the four behaviors in common. The most individualized group 






78 


lOURNAL or GENFTIC PSYCHOLOGY 


IS tile mMe cJ»ld. which presents three behavior disorders which 
do not appear in any other group 

The nature of retardation and speech defect suggests that they 
are not based upon ordinal position What was the effect of intelli¬ 
gence level upon the various behavior disordeis? To answer this 
we selected the 25 children having the lowest IQ’s from the 125 
iiistoric^. They ranged fiom IQ 38 to 92, with the majority be¬ 
tween 70 and 90, and the median at 8!. Another group of 25 was 
selected with IQ’s ranging from 119 to 131, the majority between 
112 and 128, with the median at 123 The distribution of these 
children in the family constellation appeais in Tabic 6 

TABLE 6 


DiSTRlUUTfON IN TUB FAMILY CoNSTE! L\TION 




Low 

IQ's $8-92 

High 

IQ’s 119-131 


Only 

4- 

7 


Older 

4 

6 


Middle 

10 

3 


Younger 

2 

6 


Youngest 

S 

3 


The outstanding group in the low IQ is the middle child. Ten 
of the 25 children with the lowest IQ of the entire group are middle 
children Tins leads us to mquiie whether the behavior disorders 
presented for the mid/Jle child in Table 5 were more definitely re¬ 
lated to the low IQ rather than to the ordinal position. A partial 
answer is found m Tabic 7 


TABLE 7 

'I'liE Ages and Intcjiigence QuoriBNTS or 125 Chudren 


Median 

Only 

Older 

Middle 

Younger Youngest Total group 

CA 

5-1 

6-9 

7-3 

6-4 

6-3 

6-3 

MA 

5-6 

7-0 

6-4 

6-9 

6-10 

6-6 

IQ 

lOS 

107 

97 

108 

103 

105 

Range 

69-131 

87-131 

38-125 

79-128 

78-126 

38-131 


Tabic 7 shows that the middle child group has a median IQ siv 
points below that of the next higher gioup {youngest) and eleven 
points lower than that of the highest group {younge,) The cnti- 
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cal ratio was found for this six points of difference between the 

D 

middle gioup and the imimgest group -- .26, which means 

PErfj// 

that the chances are approximately 60 in 100 that the obseived 
difference is not due merely to chance The difference of eleven 
points between the middle child group and the $ounge} child group 

D 

was studied by the same formula,- = .79, which implies 

PEdirr 

that the chances are approximately 80 m 100 that this difference is 
not due merely to chance 

The difference of the medians of the four other groups do not 
suggest that the IQ was an influence in the formation of their 
dominant behavior patterns That the IQ was piobably more sig¬ 
nificant than ordinal position for the middle child group is evident, 
m the relatively highei median CA that it presents, along with the 
lelatively lowest median IQ 


TABLE 8 

• The Eight Doviin\nt Symi>tom\tic Behaviors 


Low 

IQ's 38-92 

Symptom No of cases 

Temper tantra 9 

Quairels with others 9 

Restlessness 7 

Retardation 9 

Enuresis 7 

Unmanageable 6 

M dresses and feeds 6 

Speech defect 5 


High 

IQ’s II9-I31 

Symptom No of cases 

Temper tantra 12 

Quarrels with others 11 

Resdessness 10 

Food fads 9 

Quarrels with sibling 8 

Destructive 7 

M, dresses and feeds (t 

Nail biter 6 


Table 8 lists the eight behaviois which occurred most frequently 
in the low IQ and the high IQ gioups, shown in Table 6 
According to Table 8 retardation, enuresis, unmanageability, and 
speech defect appeal in the low group but not m the high group. 
This corroborates our suspicion concerning the part that the IQ 
plays in causing the problems of the middle group, as these are the 
very symptoms found excessively in that gioup Inasmuch as 40 
per cent of our middle child gioup have IQ’s below 92, and approxi¬ 
mately the same peicentage of our low IQ group piesents retardation, 
It is fairly safe to assume that this symptom of low intellectual 
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poweis is not due to position in the family (although, of course, these 
may not be exactly the same childten) It would not be sur¬ 
prising if there wcie a relation between the low IQ and the enuresis, 
uninanagcable, and speech defect. It is inteicsting to note that in 
both groups many children exhibit restlessness, temper tantra and 
quarreling, and the greater incidence in the high IQ group suggests 
that the IQ is more Jinportaiit than the ordinal status, because the 
high IQ’s are very evenly distributed in the only, oldo and younffei 
gioups It IS probable that mothers dicss and feed their children 
if they arc dull and need help or if they aic bright enough to demand 
matcinal assistance, as no marked quantitative difference in these 
traits appear in the two groups. The food fads, quairels with 
sibling, destructiveness and nail biting of the high IQ group do not 
appear in the low IQ gioup. Aggiessivc traits Iiavc a higher fic- 
qucncy in the high IQ group, which also makes it icasonable to 
hcheve that certain behavior trends aic more closely related to in¬ 
tellectual levels than to ordinal position 

To detcnuinc if sex were a marked dcteiminei, we noted the 
behaviors for girls and bovs Perhaps the most significant finding 
in relation to sex is that approximately twice as many boys as girls 
had been selected in the random selection of oui clinic histories—83 
hoys and 42 girls. 

Table 9 clcarlv demonstrates that there are few marked differences 
of behavior patterns of this voung group in terms of sex This is 
what ivouid be expected in terms of the undifferentiated sexual urges 
of this latent pciiod Patently the sex factoi is not specifically 
related to level of intelligence or to ordinal position. Tlie general 
sinularitv of the behavior symptoms and their percental occurrence is 
exhibited in Figure I 

In Figure 1 sliglit dilfcicnces are evident in a few traits and none 
exceed 16 pci cent The maximum percental difference occurred for 
retardation, and, therefore, wc computed the medians for both sexrs 
which were found to be as follows: 

Mediaa CA MA BA IQ 

Girls 6-8 6-10 6 106 

Boys 62 6-+ S 10+ 

This indicates that the girls as a group were slightly higher than the 
boys in theoretical intellectual ability. The graph therefoie shows 
that the complaining term "rctaidation,” although it is applied more 
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TABLE 9 

Behavior Disorders and Thlir Frisquency ok Occukrencg According to Sex 


Symptom 

Girls (42) 
No 

% 

Boys (83) 

Symptom No 

% 

Temper tantra 

13 

30 

Restlessness 

31 

37 

Food fads 

12 

28 

Temper tantra 

30 

36 

Qiiaircls with 

others 11 

26 

Quairels with others 

22 

27 

Vomiting 

10 

23 

Fond fads 

19 

23 

Jlesticssness 

10 

23 

Enn resjs 

18 

21 

Fears 

10 

23 

Quarrels with sibling 

17 

20 

Unmanageable 

10 

23 

Vomiting 

le 

19 

Enuresis 

9 

2J 

Unmanageable 

16 

19 

Crmverted sinistral 8 

19 

M, feeds and dresses 

16 

19 

Quarrels with ; 

sibling 8 

19 

Destructive 

16 

19 

Retardation 

7 

17 

Nail biter 

1 + 

16 

Nall biter 

6 

U 

Converted sinistial 

14 

16 

Shy 

6 

14 

Speech defect 

13 

15 

Tic 

5 

11 

Cries easily 

13 

IS 

School problem 

5 

n 

Sdiuol problem 

13 

IS 

Deatnictive 

4 

j 

Fears 

10 

12 

M dresses and 

feeds 4 

9 

Masturbation 

10 

12 

Irritable 

3 

7 

M over-protection 

9 

10 

Speech defect 

3 

7 

Night terrors 

9 

10 

Constipatioi) 

2 

6 

Disobedient 

7 

8 

M over-protection 2 

6 

Swears 

7 

8 

Cries easily 

2 

6 

. Tic 

6 

7 

Swears 

2 

6 

Pains 

6 

7 

Fains 

2 

6 

Steaiing 

4 

4 

Dlsohedient 

2 

6 

Irritable 

3 

3 

Stealing 

1 

2 

Shy 

3 

3 

Night tenors 

1 

2 

Retordation 

2 

2 

Asthma attacks 

1 

2 

Asthma attacks 

2 

2 




Constipation 

1 

1 




Delinquency 

1 

1 




Truancy 

1 

1 


Irequently to gills than to boys, cannot lefei specifically to intel¬ 
lectual level This apparent dispantv on the giaph must picture 
not an actual limitation of ability but rather judgments affecting 
the mental achievement of the giils and boys, Other differences 
which seem laige are moie readily evplained, as for example, the 
presence of masturbation m 12 pei cent of the bovs and in none of 
the girls This is piimanly due to the accessibility of the male 
genitalia and has no relation to the ordinal position, as is shown by 
Its pievalence m all the groups (Table 1) The marked difference 
in lestlessness, 23 pei cent giils, 37 pei cent boys, is referable to the 
hyperkmesis, which is noimal m boys m all ordinal positions. 
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FIGURE 1 

Showing Data from Tadlp 9 

The similarity of the sexes in behavior becomes apparent in such 
traits as disobcdienccj maternal ovcr-protcction, nail biting, irrita¬ 
bility, converted sinistrality, quairels, tics, pains, stealing and enure¬ 
sis The percentages probably are distorted because of the small 
number o£ the entire group and the inequality of the sexes The 
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limited data warrant the conseivative conclusion that sex was not 
an essential factor in the great majority of behavior problems charac¬ 
terizing our entire group 

The children weic grouped according to various ages in order to 
ascertain whether or not age was a maiked determiner of undesirable 
behavior patterns 

Tables 10 and 11 reveal the four most prominent symptoms, ac¬ 
cording to frequency, for each of these age groups. 

TABLE 10 

Percen tal Occ u rrence of Diso rders Among Children of Similar Ages 
Nu mber __ 

24 CA between S-6 years Restlessness (50%) temper tantrn (42%), 
food fads (+2%) 

IS MA between 5-6 years Speech defect (33%), temper tantra (26%), 
restlessness (26%), unmanageable (26%) 

27 BA of 5 years Restlessness (48%), temper tantra (37%). quarrels 
with others (37%), unmanageable (25%) 

36 CA between 6-7 years. Restlessness (30%), quarrels with sibling 
(30%), quariels with others (26%), unmanageable (26%) 

35. MA between 6-7 years Restlessness (43%), temper tartra (31%), 
food fads (25%), quarrels with others (23%) 

34. BA of 6 years. Restlessness (32%), temper tantrn (29%), quarrels 
with otheis (29%), unmanageable (26%) 

36 CA between 7-8 years Temper tantra (30%), restlessness (26%), 
quarrels with others (25%), unmanageable (25%). 

30 MA between 7-8 years Quarrels with sibling (36%), restlessness 
(33%), temper tantra (33%), nail biter (27%) 

20 BA of 7 veara, Restlessness (35%), school problem (30%), quarrels 
_ with sibling (30% ), fears (25% )___ 

_ TAB LE 11__ 

Number ____ 

24. CA between 5-6 years Restlessness (50%), temper tantra (42%), 
food fads (42%), quarrels with others (33%) 

36 CA between 6-7 years Restlessness (30%), quairels with siblings 
(30%), unmanageable (26%), quarrels with others (26%) 

36 CA between,7-8 years Restlessness (26%), temper tantra (30%), 
unmanageable (25%), quarrels with others (25%) 

15 MA between 5-6 years. Speech defect (33%), temper tantrn (25%), 
restlessness (26%), unmanageable (26%) 

35 MA between 6-7 years Pood fads (25%), temper tantra (31%), 
restlessness (43%), quarrels with others (23%) 

30 MA between 7-8 years Nail biter (27%), temper tantra (33%), 
restlessness (33%), quarrels with siblings (35%) 

27. BA 5 years Restlessness (48%), temper tnntra (37%), unmanage¬ 
able (25%), quarrels with others (37%). 

34 DA 6 years Restlessness (32%), temper tantia (29%), unmanage¬ 
able (26%), quarrels with sibling (29%) 

BA 7 yeari? Resflessness (35%), school pjoblem (30%), fears 
(25%), quarrels with sibling (30%). 


20 
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T'flbles 10 and 11 restlessness, temper tantra and quarrels 

with otliers at each of the age levels, with a tendency to decline 
with the rise of CA and BA rather tlian with MA Considering 
the group CA 5-6 years, one notes a slightly closer relationship be¬ 
tween Its behavior patterns and the group BA 5 years than with the 
group MA 5-6 ycais. Restlessness shows 50 per cent and 48 per 
cent and temper tantra shows percentages of 42 per cent and 37 
per cent for CA 5-6 years and BA 5 years as contrasted with 26 per 
cent among tliose with MA 5-6 years. Children with a CA 5-6 or 
BA of 5 appear to quarrel with others, 33 per cent and 37 per cent, 
but this trait does not appear among the first four behaviors of tlie 
group MA 5-6 years 

Omitting fin analysis of other CA groups this discrepancj' called 
for further study of the basal age. It is interesting to note the 
amount and frequency of deviation from the basal age as recorded 
in Tabic 12. 

Inasmuch as Table 12 demonstrates a normal deviation of BA 


TABLE 12 

Showing Obviation from thb Basal Acb 

CA 2*+ yr« (14) CA 4 .$ yrs. (U) CA S’6 yrs. (25) 
Median BA 3 Median BA 4 Median BA 5 

Deviation from Deviation from Deviation from 

CA MA CA MA CA MA 


+2 


+2 


.+2 

1 +1 

3 

4-1 

6 

4-1 

13 at 10 

$ 

at 8 

10 

al a 

—1 3 

4 

—I 7 

3 

—1 12 

—2 1 
—3 

1 

—2 1 
—3 

6 

—2 2 
—3 

At Median At 

At Median At—f 

At MecliEin —1 


CA 6-7 yrs (37 
Median BA 6 
Deviation from 
CA MA 


4-2 
4 4-1 

21 at 14 

10 —1 ig 

1 —2 3 

1 —2 I 

At Median —-1 


Median BA 7 
Deviauon from 
CA MA 


1 4-2 

3 4-1 

11 at 17 

9 —1 13 

4—1 3 

3 —3 

2 

—I Median At 
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from CA and MA from all CA groups, it is suggestive that the be¬ 
haviors showing a high correlation of percentages in the CA and BA 
groups of Tables 10 and 11 may be regarded as affected by the 
level of maturation This is again only secondaiily related to ordin il 
position 

A comparison of our findings with the data of other investigatoi« 
adds various degrees of support to our conclusions. Grace Arthur 
(3) points out that IQ’s seem to be higher for the younger siblings 
than for the first boin Studying Minnesota Kindergarten children, 
all of whom were tested at the end of the yeai by the Kuhlman 
Binct Scale, she found for 92 pairs of siblings that the median IQ 
of the older one was 93 05±1129 and that of the younger was 
99.14±10 42. She holds that the difference is significant, because 
there is less than one chance out of a bundled that the six points 
of difference would change if another group were tested She then 
tested the siblings of 85 families, containing three children each, 
with the following results (with our figures in parenthesis for coni' 
parison) 

Older 82 70 (107) 

Middle 90.34 ( 97) 

Youngest 95 3+ (103) 

As the children she tested were of foreign descent, and in some cases 
had a language difficulty, she reduced the group to include only those 
with American surnames, but found an insignificant difference of 
1 0 The standard deviation was found to be greater for the older 
child and the difference seemed to increase with CA, 

Thurstone and Jenkins (20) agree with her, although their 
studies embraced 1,430 children recorded at the Institute of Juvenile 
Research, who ranged from one to twenty-one yeais They state. 
“The fact that 23 out of 28 comparisons favor the later-boin sibling 
and the further fact that all of the comparisons involving large 
samples consistently iavor the last-boin Mem to justify the conclu¬ 
sion that intelligence increases on the aveiagc with oidei of birth 
m the same family ” In their conclusion, they remark concerning 
the only child, “Neuropathic tendencies aie usually fiequent among 
only cliildren.” Among the behaviors, they report incest, and a 
frequency of fear, disturbed sleep, constipation, and enuresis A 
disproportionately large number of first borns were found among 
the problem children 
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Haiolil Ellis Jonps (9) points out the matij' handicaps of the first 
born, indicating that ptenatal conditions arc lelatively unfavorable, 
the percentage of prcnratuie births is higher; the duration of labor 
IS longer; and the first born child tends to be a lightei and smaller 
child. Jones presents the following table (Table 13) (Our own 
figures arc m parenthesis for comparisons ) 


TABLE 13 

A Comparison or IQ’s of 1st and 2Nn Dorn, After Hsiao 


Test 

No 

Birib 

order 

Mean 

IQ 

Sibling 

correlation 

Chances 
in 100 
that Ut 
born aie 
inferior 

Stanford 






Binct 

133 

1 st 

102 S-t-13 








(25 older 107) 





56 

too 


133 

2 n(I 

30?<f±I 3 


(25 3 0(rnffer 108) 


Theodoie Lentz (11), analyzing 4,000 siblings, langing in age 
from six to 20 yeais, found the median IQ to be 97 9 and a median 


of 4 16 children 

in each family. His table ■follows 

TABLE 1+ 

(Table 14). 

No. siblings 

Average IQ 

No cases 

Our figures 
(25 in each group) 

0 

107.9 

415 

105 

I 

10S.6 

865 

107 

2 

101 5 

772 

103 

3 

97.4 

C89 

108 

4 

94 3 

516 

97 

10 

S3 9 

25 

79 (5 and ovei) 

12 and over 

79 9 

15 


lie conduclcd tliat thete is a marked inverse lelation between the 
size of family and the IQ. He also concluded that thcie is a marked 
decline in average IQ from one genination to the next, which he 
implies IS due to this inverse relation This is a vciy doubtful 
statement as data aie lacking to piovc that the IQ level changes 
from gener.ttion to gcnciation Tlieie is some evidence to support 
the concept that patents with low IQ’s tend to have some childicn 
witli mentalities slightly above their own 
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Neil Dayton (6), mvestigatii^ 10,455 retarded children in the 
M.n‘?sfichusetts public scliools, icportcd more than hall of them to be 
mental defectives (IQ below 70), but he found no significant cor¬ 
relation between the position in a family and the occurrence of 
feeblemindedness The families containing mental defectives weie 
larger than those with other types of retarded children and were 
appioximately twice as large its families having a college student or 
gifted child, 

H E G. Sutherland (17) studied a gioup of 3,096 miners and 
their children in ordei to preseive a common social status and rule 
out the possibility that social status might be an influential factor 
in determining intelligence levels. He also noted, “negative cor¬ 
relation between intelligence and size of family even with the group 
whose fathers all follow one occupation and are of tire same social 
status." 

Ciosby, Chapman and Wiggins (3), on the other hand, stated 
that theie is a marked general tiend for large families to be of 
inferioi intelligence and social status 

Most of the above studi® dealt vrith several children in family 
groups and, theicforc, are not exactly comparable with our study, 
but have definitely suggestive values. Our figures appear to sup- 
poit the thcoiy that the younger child tends to have a higher IQ 
than tiie older The median IQ for oui entire group was 105, whicli 
was equalled by the only child, exceeded by the oldei and yotniyir 
gioups, but was not reached by the middle child or the youngest child 
gioups This suggests that the IQ tends to decieiae with the in- 
cieascd numbei of siblings, 

L, M. Terman (19) comments concerning his own and Cattell's 
cases of gifted children chat, "in each case nearly thiee-fifths are 
first born ” 

The behavior pioblems of childien have received their due 
amount of attention, and we have combined the lesults of seveial 
icsearches, for the puiposc of a comparative study, m Table 15, in 
which leportcd occurrences of behavior are expressed ns percentages 
A few lefereiices merit consideiation m connection with Table 15. 

Starch (16) noote that, "The chief significance of the piesent 
lesults consists in further corroborating the notion that the mental 
make-ups of liumaii beings is as much a matter of heredity as their 
physical make-ups and that environment plays a relatively small part 
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'IABLE IS 

13EKAVIOR Problems of Chiujren 
All results trnnslated into percentages of the groups 


Kawm 

(250) 

Piol)- Well an- 


Behavior 

Wt.ll 

Taylor 

lem 

adjusted 

selected 

Olson 

Wile 

dcsofdcr 

(25) 

(f90) 

too 

SO 

m 

(35) 

(125) 

Disobedience 

S6 


33 

26 

27 


7 

Temper lontrn 

52 

27 

4S 

3S 

47 


36 

Food fads 

52 

17 





24 

Enuresis 

•14 

45 

31 

16 

23 


22 

Destructive 

40 

8 

8 

2 

4 


17 

Restless sleep 

36 

6 






Masturbation 

32 

6 

10 

12 

12 

10 

8 

Domineering 

28 







Hyperactivity 

28 

6 

5 


4 


35 

Qiiiirrcling 

2+ 






2? 

Nnil biter 

24 

23 

10 

20 

in 

83 

16 

Jealousy 

20 

2 





21 

AVillfulness 

20 






Stealing 

20 

1 

4 


3 


4 

Whining 

16 


22 

12 

12 


Night terrors 

16 

14 





10 

Stubborn 

12 

21 

34 

16 

24 


28 

Lying 

12 


2 


2 


Freiiuent urination 

12 







Dislikes duties 

12 







Swears 

12 






7 

Craftiness 

12 







Finger sucking 

S 





20 


Unclean eating 

E 






Truancy 

8 

1 

2 

2 

2 


j 

Defecation 

8 







Exhibition 

S 







Greediness 

8 







Sleep walking 

4 







Voniiting 

4 



2 

1 


20 

Stammering 

4 

8 

7 

U) 

8 


14 

Beffging 

4 






Vorncious appetite 
Refusal to cat 

4 







with family 

4 


33 

28 

27 


24 

No spunk 

4 




Tic 

Shy 


11 

7 

7 

5 

S 

6 

U 

o 

Rclnrdatian 


7 

5 


2 


y 

Idiocy 


2 





7 

Defective parents 


9 






Pains 

Ov’er dependence 


1 





6 

on adults 

_ __ 


17 

2 

2 


U 
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in producing the resemblance of closely related individuals.” He 
reached this conclusion upon the basis of achievement tests and their 
mtersiblmg conclations. The correlation between the mental traits 
of brothers and sisters was approximately as high as that between 
their physical traits, and he found that this held true for traits not 
affected by school work, as well as for those directly influenced by 
school preparation As all the recent studies of heredity and 
environment point to their interaction and inseparability, this rs 
hardly a startling conclusion 

Blanche Weill (21) investigated 25 problem children between 
the ages of 2 and 12 yeais in 17 different families and listed the 
nature and frequency of their undesirable, or deviating, behaviors. 

Marianna Taylor (18), reporting upon a gioup of 190 school 
children seen at the Boston Psychopathic Hospital, recorded their 
most prominent behavior problems in terms of frequency 

Ethel Kawin (10) presents a thoughtful chapter on behavior and 
birth order In her group of 100 “problem” children from Chicago 
nursery schools, she obseived that there was “a larger proportion of 
oldest children among the socially unadjusted children and a larger 
proportion of youngest children among the well-adjusted group 
than there are in the other groups ” She noted that the most 
outstanding behavior disorders were those of “negativism” and 
“enuresis,” but her gioups of children were nil under age seven, 
She compared three groups, a problem group, a well adjusted group 
and an unselectcd group. 

W. C. Olson (15) took as his subjects 35 children from the first 
giades of the Minneapolis public schools (and 100 children from 
second grades whom we are ignoring because of their higher age ) 
Using ten-minute periods of observation he found that Oral Habits 
(thumb sucking, nail biting, etc ) were among the most frequent 
piactices 

Table 15, then, is a tabulation of these several studies, for pur¬ 
poses of comparison with our own results, regardless of the admitted 
diffeience in gioups, ages, places, and conditions of observation 

The outstanding differences in this table occui in the data from 
Weill and Olson, which is due mainly to the small number of cases 
which they studied and then subjective methods of observation. 
Kawin’s data are the most comparable to ours, because of the size 
of our groups and because of a gieater similaiity in age range There 



90 


TOURN\L or OPNETIC PSYCHOLOGY 


IS a wide distribution of behavioi symptomatology in each study, 
wliiJi, making allowances foi differences in nationality, education 
and backgioimd, suggests tJiat the diversities of behavior are not 
primarily hound up in position in the family The most outstand¬ 
ing siniilaiities occur in tempci tantra, enuresis, masturbation, nail 
biting, stubbornness, stammering, refusal to eat with the family, 
and shyness Kawin's well adjusted group and unselectcd group 
provide a control and suggest that oui group of 125 children weie 
more destructive, liypCTiictive, over-dependent on adults than an 
unsclected group would be, also that they were more susceptible to 
night terrors, vomiting and tics. Further comparison of the general 
results seems fruitless as this study primarily concerns biith Older. 

The dilferciicc in lij’peiactivity, however, is so gieat that it seemed 
wise to compare our findings with those of A T. Childers (5), who 
studied 30 children fiom the Central Clmic in Cincinnati who pie- 
sented hyperactivity. 

TABLE 16 

Thirty Hyperactive Chiidhbn—Childers 



No 

% 



Ability higher th.m MA and general intelligence 3 
Ability toAver than MA and general intelligence 11 
Ability C(|uai to MA and general intelligence 11 
Unrecorded, undetermined S 

100 

36.7 

36.7 

167 


Our cases 

Only child 

11 

36.7 


48% 

Oldest (blit noi on)y) 

6 

20 0 

older 

36% 

Middle 

6 

20 0 


20 % 

Youngest (but not only) 

6 

20 0 

younger 

youngest 

24% 

40% 


The differences in percentages as shown in Table 16, at least 
suggest that our gioup as a whole Avas not as extreme in hyperactivity 
as Kawin’s figuic might imply It is piopei to note that Childers’ 
cases in each gioup Avere so fcAV that his peicentagcs have vciy doubt¬ 
ful statistical validity We offer them merely as a basis of ciiticis- 
ing our own percentages, Avhich, while more valid, aie not sufficiently 
accuiate to warrant prediction m largci gioups, or even gioups 
differently constituted 

Summary and Conclusions 

We have studied the behavioi disorders of young children in terms 
of age, sex, intelligence, concomitant behavior and birth order. We 
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have also compaicd our data with those of otlier investigatois As 
a result, we brave rericlied the following conclusions’ 

1 The Ordei of Birth m a family does not deteimiae behavior 
chaiactcristics, because fewer than 48 per cent of the children hold¬ 
ing similar positions in like families exhibit the same behavioi dis- 
ordeis. 

2 The childien studied evidenced no basic correlation between 
any two symptomatic behaviors Such a coirelation would be ex¬ 
pected, if Di. Adler’s theory of family constellation held tiue for 
any ordinal position. 

3 The youngest child in a large family presents bchaviois more 
similar to those of the only child than to those of the youngei child 
in two child families The frequency of specific undesirable be¬ 
havior reactions is considerably higher in the child and the 
youngest child groups The oldei and youngei in two-child families 
seem to present similar problems, but without the same frequency. 
Ordinal position shows no markedly definite influence 

4. The intellectual potentials, computed by the Stanfoid Binet 
scale, wcie normal for all gtoups The middle child group had the 
lowest median IQ, of 97 The predominating symptom of the rniddje 
child group agreed closely with those of a group of 25 childien with 
the lowest IQ’a (all below 92). Several traits, as temper tanlra, 
quairels with otheis, restlessness, mother dresses and feeds, were as 
common among tlie low IQ group as among a gioup of 25 children 
with IQ's above 119 The low IQ group alone showed enuresis, 
retardation, unmanageability and speech defect among the first eight 
behaviors, while the high IQ gioup similaily revealed food fads, 
destructiveness, nail biting and quarrels with sibling. 

5 Sex had no apparent consistent effect upon behavior patterns. 
Retardation was the only chaiacteristic m which the diffeience be¬ 
tween the sexes was as gicat as 16 per cent, and evidently the girls 
were interpietatively teimed “retarded,” because, factually, their 
median IQ was two points above that of the boys 

6 Approximately twice as many boys weie brought to the clinic 
as gals 

7 There is considciable evidence that some forms of behavioi are 
related to matuiational levels rather than to ordinal position. 

8 Theie is a tendency for IQ levels to decrease with rising or¬ 
dinal position, with accompanying vaiiations of behavior patterns 
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9 Our studies of the general occmiciice of beluivior disorders 
of young children indicate a very close agreement with the findings 
of Kawin 

10 We found a negative correlation between the size of family 
and intelligence winch Is in agreement with Lentz, Dayton and 
Sutherland 

11 Birth order docs not detciininc bcliavioi or personality char- 
acteiislics, but the family constellation does provide a different 
environment for each individual. Iri specific cases this special en¬ 
vironment may affect individual behavior disadvantageously, but 
birtli ordei lacks the effect of a determinism 
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AN EXPERIMENTAL STUDY OF THE DEFENSE MECH¬ 
ANISM IN THE OPOSSUM, WITH EMPHASIS ON 
NATURAL BEHAVIOR AND ITS RELATION 
TO MODE OF LIFE*i 

Cotttell Universtty 

W T James 

The avoiding oi escape response in different animals has been 
studied mamlv with a single re.ictinn system. Most of these have 
employed the withdrawal of one of the legs away from a pain pro¬ 
ducing object This procedure was used satisfactoiily in expeiimcnts 
on the dog, sheep, and goat, by Liddell, James, and Anderson (3) 
In a later study (1) I found that this method was not adequate 
when dealing with a lower order of animals, such as the guinea 
pig. The flexion of the foreleg of the guinea pig could not be con¬ 
ditioned From this we might be led to infer that the guinea pig 
IS inferior to the other animals m its ability to become conditioned 
to dangerous objects This is not true since the natural escape re¬ 
action from pain pioducing and dangcious objects for the guinea 
pig IS to withdiaw the entire body by running, and this response 
was easily conditioned. The cortical mechanism of the guinea pig is 
sulHcicnt therefore to signal its natural modes of response, and it is 
only on this basis that this animal may be compared with those of 
diffetent orders The total situation, under conditions natuial to 
the animal, is under observation rather than the general response to 
an isolated adjustment 

Fiom this point of view it is interesting to coiisidei the behaviors 
of animals of still lower orders than the guinea pig Behavior 
phenomena and the significance of ncivous development in evolution 
and mode of life can be understood only if emphasis be placed on 
natural reactions In this report we deal with the behavior of the 
Virginia opossum The opossum is largely nocturnal, while its prin¬ 
cipal liabitat IS the daik of caves and hollow trees Among the many 
primitive forms of behavioi which this animal exhibits, is an ex¬ 
tremely passive defense reaction When the opossum is sui prised 

Tfom the Coi neJI Anatomy 'Farm 
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by fi strange Riiimal, instead of attempting to lun away, it lies down, 
■cuils up, and remains motionless. It is difficult to imagine how such 
a reaction contiihutes to the survival of the animal. Is this behavioi 
an evtrcine foim of inliibition, the same general leactiou as is ob¬ 
served in otiici animals to a less degree; or is it a special piotective 
phenomenon peculiar to the opossum^ What neivous oi anatomical 
structuies are coiiclated witli tins reaction which might help us to 
understand it? Xlicsc questions cannot be answered until the ani¬ 
mal’s ability to defend itself and to escape fiom dangcious situations 
have been studied experimentally The present expeiiments aic con¬ 
cerned with' fint, the conditioned flexion of the foielcg to an elec¬ 
tric shock; second, the total lutimng response to an electiic shock, 
and tfuxl, the passive defense and attack reaction. 

Ex-PBRIMIiNT I 

In the study of the flexion response of the foicleg, the procedure 
was the same ns that used in the cxpciiment of the guinea pig (1) 
The animal was confined on a platform bv a cord passing fiona the 
neck of the animal to a horizontal beam just above it (Figuie 3). 
Tlie hind legs were tied loosely to two pegs. I3y this aunngement 
the ninmal was free to move within limits but could not escape The 
flexion of the leg was recorded on n kymograph in an adjoining room. 
The breathing was recojded by a pneumograph of the tjpe regulnily 
used in experiments with the dog 

When the front leg was shocked electrically, the foot was lifted 
and then icpiaccd slowly Tlicie was no intense excitement oi aftci 
discharge of excitation as obseived in the sliccp and dog A bell was 
sounded three seconds befoie the application of the shock After 
more than three hundred applications of the bell signal there were 
no indications of a conditioned leg reaction. Theic was some breath¬ 
ing response to the signal, but it may be definitely concluded that 
the foreleg reaction of the opossum cannot be conditioned (Figure 1). 

Experiment II 

In the second experiment the lunning lesponse to an electiic shock 
was observed. A two compartment box was used with an electric 
grill on the floor of one compai tment The animal was free to es¬ 
cape into the second compaitment when the current was applied to 
the grill. It was found that the opossum would not run oft the grill 
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ftfur# 1 ehoft# tha behavior of the opaeeina after JOO appUoatlone of the ball 
ant ahee)<.The raapenee ot the la( oeoure aloultaneouely Nlth the ehODlc although 
tha bail praeadee it by 6 eeaenda.Note that there ia a eendltlened breathing 
reaatien. figure 11 eheee tha eendliloned reaction of the heed to the etlak 
on the eaoend appUoatlon of tho buaaer. The head movaaent eeetire to the 
bunar rather then the etloh. _ 
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figure 111 ehovB tho opoeeum in the epparatue ueed in the firat 
and third axperiDsnte. In the fomer the recording atring was 
tied to the foreleg ehile In the latter the etring *aa faetaned 
to the head, 

FIGURES 1-3 


when shocked on the feet It would curl up mid tum over on its 
side In this position the shock was avoided because the animal’s 
fur coating piovided insulation Evert' effort was made to lead or push 
the opossum towaid the second compartment, but the animal never 
of Itself tried to escape If the opossum was held upiiglit so that 
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the feet weic sliockcdj its legs would be raised alternately in a slow 
forward moveinent, not at all the brisk lunning response shown 
bv the giii’iic.i pig The conclusion is that the running reflex Is un¬ 
necessary as a means of escape when another foim of lesponse serves 
to protect the animal Tlie opossum does not resort to running as 
a mode of defense. 

Further study has brought out nnothei reaction. When one fore¬ 
leg js shocked the opossum alwavs turns his head toward this leg 
and holds the mouth wide open. Raising the leg and turning the 
head with open jaws seems to be a clehnitclj’^ composite or combined 
reaction When the animal v;as on the electric grill it would open 
Its moutli wide during the shock and at times would even bite at 
the ualls of the box The shock biought the animal out of the 
passive defense attitude which it ordinarily maintains and the biting 
reaction was exhibited as a basic bchnvioi. There is a possibility that 
this beliavior, together with the passive defense attitude, constitutes 
the chief protective responses of the opossum A further effoit was 
made to detennine whether these reactions could be conditioned 

Experiment III 

The sirnplest way to elicit the head and moutli reaction is to move 
a stick toward the head of the opossum. When the approach of the 
stick was signalled bv a buzzer, the attack behavior became condi¬ 
tioned after only one application of the conditioned stimulus (Figure 
2) A test was again made with the animals which had already been 
Used on the grill and in the foreleg experiments, and in no case did 
tlicv give the running icaction or the flexion reflex The attack 
behavior is very easily conditioned, and is probably of high value 
as .1 survival reaction. 

Discussion and Conclusions 

In the present cxpciiments witlidiawal and escape as well as de¬ 
fense reactions of the opossum were studied. In order to compare 
this animal with otheis which have been studied, similar piocedures 
A\cre used The experiments eonclusivelv show that, with the opos¬ 
sum, the leg reaction to an electric shock cannot be conditioned. The 
animal could not even be taught to progress forward on an electric 
grill Thus withdrawal by i tinning would seem to be almost absent 
as a means of protecting this animal from pain producing objects. 
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Langworthy (2) the foicleg segments have a cor- 
on eaily in the development of the opossum hiain. 
it js necessaiy that the forelegs become active early 
n Older that the immature j^ouiig may crawl up to 
lOUgh these cortical centers aie highly significant for 
' life they lose their significance later in maturity 
nd, the hind legs aie not represented, in the cortex 
at all The low stage of segmental relation to the 
act that the segments cannot be conditioned is prob~ 
neurological factors which picdisposcs the animal to 
Jits An animal with the escape icactioti in such a 
elopment depends entirely on another foim of avoid- 
ion The well known “death feigning’* oi “opos- 
je avoidance whicli is effective in times of danger 
lb withui close tangc the opossum tlisplavs a strong 
Tins attack reaction can be readily conditioned If 
ng is merely an extreme foim of inhibition, then it 
idcistand how the attack reaction can be so readily 
lis account the passive defense behavioi seems rather 
ve reaction coiielatcd entirely with the inability of 
run The animal feigns death in oicJci to escape 
lable to escape by piogressive movements, yet bv be- 
and still, it suivivcs 

als with peculiar modes of life, for protecting, avoid- 
aiefully studied, it is possible that the neurological 
nch deteimine these modes of life could be specifically 
ight be detei mined whethci tlieie are specific diftci- 
uie of the nervous phenomena or vihetliei the diftei- 
lal oiganization The leptilcs, foi example, arc slow 
d assume fixed postures which ma 3 '’ be held foi houis 
3W action and fixed posture in stalking their piev, yet 
s neai the leptile strikes swiftly These special modes 
)e coi related with a pcculiai balance between exci- 
pitoiy systems, or it miy be that this neivous ndjust- 
of animals of a bighci ordci but is expicssed dificj- 
its anatomical make up Reptiles, like the opossum, 
inncis, theiefoie their peculiai modes of defense and 
*oi related with an anatomical deficiencj', oi in other 
action is diiectly influenced and deteimiiied by ana- 
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tnmical devclopiiiciit In studying the icaction of these aninials spe¬ 
cial attention also must be given to the environmental Mtuation 
It siiould be eiiiphfiiiized that iiitetprctaiion of conditioned tcactioii 
must take into account the ncivous development of the animal, its 
anatomical cniistriictioii, and the cnviionmental aspect Animals with 
a nen'ous system only in d low stage of development have certain 
refIcY phenomena that aic rendilv conditioned, and in such animals 
thc^c reflexes are exhibited undci all changes in the environment 
On the otiici hand, ammflis of a higlici order may show variable le- 
spoiiscs to the same stiniuhis or may give the same response to diffei- 
ent siiniuii Anim.iis of a lower ordei show a inngc of reflex action 
very limited in it'i natme. Such difteienccs among animals mu^t 
aUvnvs he kept in mind in conipaiing the mcmbcis of one group with 
.mothci, as well as in drawing conclusions regaiding the behavioi of 
one species on the baMs of knowledge derived from a diffeicnt species 
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THE INNATE ORGANIZATION OF VISUAL ACTIVITY: 
I PERCEPTION OF FIGURES BY RATS 
REARED IN TOTAL DARKNESS^' 


Iltirvaid UHtversily 


D. O Hebb 


The extent and even the existence of an innate organization of 
anima] behavior Ji/js loi a long time been a major proWe/n for 
psvcliological theory. The recurrence of distinctive steicotypcd 
modes of behavioi m successive generations suggests that they aie 
dcteiinmed thiough heredity Such recurrent behavioi, wliere the 
oppoitunitv fo! Its acquisition during the life of the individual is 
limited, has led to tlie conclusion that the behavior is determined bv 
the developed snuctures of the central nervous s)'stcm, and to the 
classification of the reactions as reflex and instinctive, implying lacial 
lathei than individual acquisition 

On the other liand, a numbei of psychologists, chiefly of the be¬ 
havioristic school (Holt, 1931, Kuo, 1932; Watson, 1919), have 
explicitly denied that there is, m mammals at least, any oiganization 
of behavior except that which is built up from inndom movements 
and the accompanying sensory excitations The fiist sensory excita¬ 
tions aie regarded as irradiating widely in the cential nervous sys¬ 
tem and later, when the individual reflexes become oiganized, as 
being concentrated upon specific groups of efiectois From this 
viewpoint the development of function within the central nervous 
system is quite plastic, gross structural features may piesent limits 
to the development of behavior, but do not essentially determine the 
behavior itself It is held by these writers that even the eaily le- 
flexes are a product of the peculiar envuonment of the embryo and 
developed by processes compaiable with the learning of the adult 
oigamsm 

Field and experimental studies of invertebrates and sub-mammalian 
vcitebratcs (eg, Cainrichael, 1927; Moigan, 1896; Weiss, 1926) 

■*Acceptecl for publication by Karl S Lashley of ihc Editorial IJoaid, 
and received m the Editorial Office on January 11, 1937 
‘The wiiter is gieatly indebted to Professor K S Lashley for aid in 
planning and carrying out these experiments and in the writing of this report 
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liove provided ample evidence to make such a position untenable foi 
these lnA\’cr forms With mammals, liowevei, thcic has been little 
conclusive evidence on the question of innate oiganization ot be¬ 
havior, and that little chiefly conceininj; motoi activity (Stone, 
1914) The problem of the sensory oigantzation conespoiuling to 
those motor pattcins which arc referred to as instinctive has been 
almost untouched. Such \vo»k as Stone’s on tlie sevua) and maternal 
bchavioi of i ats, primarily studies of motor activity, implies of course 
sonic study of sensoiv oignnization, since the motoi activity is fre- 
qiientlv a disciiminatoiy response. The stimulus patterns which 
elicit tlic response arc of a limited range, though the limits are not 
yet clcaily defined The innate motoi oigamzation then implies 
an inimie sensory organization whose natuic and extern ai'c almost 
unknown 

'I'lic Gestalt School, again, implies the innatciiess of ccitam or¬ 
ganizations of the visual field, in sticss/ug the dominance of piltm- 
tive Gesfffiten ovei otheis established bv tiaining Tlic evidence cited 
includes the persistence of visual illusions in spite of experience, and 
the failuie of experimental subjects to pick out figuies winch tliev 
have been trained to recognize, when these foim paits of more dom¬ 
inant figures (Koffkn, 1935; Kohler, 1929) 

Such an argument, however, cannot be altogcthei conclusive The 
dominance, at maturity, of certain types of visual Gestalten over others 
may itself be n resultant of the innumerable Icaining situations pie- 
sented during giowth, and not an inherent function of the cential 
iicivoui system. Tlic s.unc objection applies to attempts to decide 
ivhctliei JcarniJig in tJie nuiturc anim.xl is deteimined bj’ the relative 
or bv the absolute propcitics of visual stimulation, and so to mfci 
srliich is the more piimitivc mechanism (Warden and Rowley, 1929; 
Pcikin>» and Wheeler, 1930) 

'riicrc IS thus very little diiect evidence as to the extent of innate 
oiganiz.uion in the detail vision of inammals Lasliiev and Russell 
(1934) found discrimination of visual deptlis in rats reaied to matur¬ 
ity in darkness. The clinic.ai material presented by Senden (1932) 
on the vision of congenitally blind patients lestoied to sight aftei 
infancy is such as to make interpretation difficult. It establishes the 
fact that there is no recognition of even the simplest visual pattern 
(le, there is no transfer from tactual to visual stimulation), but 
that there is, on the other hand, an immedutc perception of difteience 
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between visual pattcms Ihis would scaicely be possible if tlic /list 
visual activity were meiclv chaotic; it lequircs the assumption of 
some primitive oiganization of the field 

“Innate organization” of vision, then, does not nccessaiilv involve 
lecognition of foim, oi the inheritance of conditioned lesponscs The 
hypothesis might, peihaps, imply no more than a denial of chaos in 
the fiist sensory activity 

Adult mammalian vision pciceivcs patterns as coheient wholes 
segregated fiom then sunoundings; objects as distinct from theii 
backgiounds in tri-dimensional space, extents and intensities as lela- 
tive to one Hiiothei, and pattcins as having foim, an identity inde¬ 
pendent of extent These features of visual peiception constitute its 
orgamzation. 

The theory that sensoiy oiganization is a pioduct of conditioning 
implies tliat none of these fentuics is to be fouiul in vision at the 
first introduction to light Instead, accoiding to tlic theory, thcic is 
only the excitation of a laigc number of independently active points 
Theie follows an itulctciinmate iriadiation thioughout the visual 
system, the tiansmission of excitation would become directed, nccoid- 
mg to the theoiv of conditioning, only by a lepcnted accompanjmg 
motoi activity Tliat is to sav that tii-dimensional visual space, 
figuic-giounc! lelationships and size oi mtensuv iclationships must 
be so established; and since the conditioning of one icceptoi gioup 
has no effect upon ncighboiing receptors, each individual item in a 
senes of intensities, fot example, must he conditioned sepaiately be¬ 
fore Its relationship to the lest of the series is perceived. So also 
tvith the peiception of space and of foim 

The alternative nativistic hypothesis, on the other hnnd, has not 
such definite implications, but assumes that one oi all of these things 
mav be functions of the structure oi physiology of the ncivous sys¬ 
tem, independently of cxpeiience It is possible that an innate visual 
organization would vaiy at difteient phylogenetic levels With any 
one species therefore, the problem is to detcimine whcthei tlicie is 
an oiganization of the fiist visual activity, and if so how mnnj' feat- 
uies such as tlie following it displat's. 

(1) The perception of the figure-giound iclationship. some func¬ 
tional diftercntiation of part of the letinal excitation (the “figuic”) 
fiom the lest, detcimined peihaps by intensity diftciences, spatial 
distribution, movement, and so on 
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(2) The |veiception t>f directional order in seijes of intensities 
or Aines t)ie leaction to one jntensjtv foj example dcteriTiined bv its 
value iclativc to othei intensities, and the animal’s disciimiiiation not 
(if a paiticular j'rav, but of a gray brighter or dailcer than the lesr 
of the field, 

(3j. 7’lie perception of tii-dimcnsional lelationslitps (La<?blej and 
Russell, 1934)^ 

(4) . The perception of a common foint in non-identical patterns 
or objects 

(5) , The immediate disciimination of certain foims foims, that 
IS, which initiate distinctive modes of behavioi, as is implied by such 
work as Stone's on the adequate stimuli to instinctive patterns of be^ 
havjor 

(6) . 'fhe easier perception of some foims than othcis, or tlic 
tcncIcncY of tlic visual field to fall into one figuic-grounci oiganizacion 
rather tlian anothci 

The cxpcrimcius to (?c lepoited licic concein (I) and (4) the 
perception of the fiKtuc, and of its form Albino and hooded lats 
were reared in totnl darkness, and tested at maturity The experi¬ 
ments were designed to discovci if there was an immediate peiception 
of the figure by these mammals, and some of the factois deteimiiiing 
tJic peiceptioji, nnd secondly, to discovei if the timisfer pf response 
to nrinddentical geometrical patterns occurs as it docs in noimally 
reared animals 

A second papci will lepoii .in invcstigntion of (3)' the tiansfcr 
(if respciiisc in size and biightness series. Thcie is sufficient evidence 
for the triinsfcr of lesponsc in mature animals normall\>’ learcd lu 
light, but we liavc to ask how far this may be a product of visual 
experience, of cciinplex learning processes, rather than a fundamental 
propcit)’ of the activity of the central ncivous system 

RrARtNG 

Albino and hooded lats wcje reared to matuiity fiom the age of 
6 to H days in a large ventilated light-tight box, winch was itself 
\Mthin a dark room so that ,ill light could be excluded while the box 
\v.ss opened At the beginning of the cxpcnmcnt panchrojniitJc pJioto- 
graphic plates were used to detect the entry of light into dark room, 
or dark box, One liour’-j exposure in the dark room, and 40 minutes' 
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exposine in the dark box with the daik room lighted, failed to pro¬ 
duce .my detectable fogging of the exposed half of the plates. 

Feeding and cleaning weic then earned out m complete claikness 
The animals weie fed biead and milk once a day, with meat, lettuce, 
and cod-liver oil once a week Although at maturity there wcie a 
numbei of lathei small animals among the albinos, this appeais to 
have been a fault of the stock from which they weie taken and not 
of the iciiring in darkness In general the rats were vigorous and 
healthy <it the beginning of tiaining, the hooded animals uniformly 
strong and well-developed 

Figure-Ground Organization 

Repoits of fiibt visual activity in congenitally blind patients (Sen- 
den, 1932) show that although they cannot describe or identify 
fcuniliar objects or the simplest visual foims, tlicv arc quite able to 
peiceive, in spite of a pcisistent nystagmus, a difiference in the foims 
of two objects picsented togethei. This implies that the objects are 
seen as unified and distinct from the backgiound Wh.al dcteimines 
the functional discreteness of pait of the fiist letinal activity is a 
question that ib quite unanswered. 

The data supplied by the piescnt experiments are of two kinds, 
tile fiist consisting of incidental observations duiing the pieliminary 
tiaining in the disciimination of size and bnghtness (to be reported 
in anothei papei), the second consisting of the results of expeiimciits 
dealing with icsponses to visual stimulation during the first few min¬ 
utes of visual activity 

A Iiuuleiital obseivfitions Hunug tianiing. 

In planning tlic gcnci.'il foim of thc'.c experiments, it was expected 
that much infoimation would be supplied by the behavioi of the 
anim.sls at then first introduction to light, without setting up special 
conditions of obseivation Tl»c animnU weie being tiained in visual 
disciiminations bv L.ishley’s jumping technique, in which the animal 
is taught first to walk fiom jumping to feeding platform along a 
narrow board, and later to make longei and longci steps until he has 
to hop acioss It was thought that observations dining this teaching 
piocess would be sufficient to guide a furtliei experimental study 
of the fust perception of figures. 

It was soon evident, however, that relatively little could be ob¬ 
tained bv means of these incidental obseivations It is actually doubt- 
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ful if any ditterenLcs wete to be obseivcd between the bchavioi of the 
animals reared in complete darkness and that of animals leaied in the 
usual conditions of alternating daylight and darkness Both gioups 
weie excited oi nervous timing their /list training periods, the dark 
room animals possiblv more so than the otheis, and in geneial the 
training conditions appealed to be almost as foreign to one gioup as 
to the other Ncitlver had ever been out of then cages for anv 
length of time, or lequircd to maintam balance on naiiow surfaces 
from which a fall was possible The insecurity of the animal’s posi¬ 
tion on the jumping placfoim of Lashlej'-’s jumping stand, and in 
walking acioss to the feeding platform, had the effect of obsciiiing 
anv differences in behavioi that might otherwise have been found 

Both datk loom and normally loaied animals were at fiist con¬ 
cerned onlv to cling as tiglitly as possible to the board on winch they 
weie placed, witli no evidence during these fiist minutes of visual 
.ictivitv bv either group of animals. 

Aftct walking across fiom one platfoim to the other some five 
or si\ times tlieie was a change in behavioi. The dark loom ani¬ 
mals had now a total visual experience of thiee to five minutes, and 
would reach out foi support to anv neniby suiface and step acioss 
a gap beyond the icnch of their vibiissae Since these neaiby sui- 
f.iccs were constant in position, the icaction was not neccssniily detei- 
inincd bv vision, but mav have been a purely tactual and kinaesthetic 
pattern Accuiacv of direction, liowcvei, fiom different positions, 
and rapidity of acquisition, made the behavioi appear less like a com¬ 
plex, learned process than a diiect icsponse to visual picsentations 
Thcie was no differentiation of hoiizontal oi suppoiting fiom vei- 
tical OI non-suppoiting surfaces; no recognition of “meaning,” but 
an undiscriminating movement toward the nearest suiface The 
vi'^ual activitv dcteimining such a response would be of the most 
l>rimitive kind 

Other evidence of some oiganization In the fiist visual activity 
IS to be found in the perfoimance of foiii animals whose tiaining was 
begun with apparatus that was lalci found to be uiisatisfiictoiv They 
were trained to jump fiom a small ciicular platfoim on the top of 
a nngstand toward either of two open windows in an upright scieen 
After the first three or four jumps to one window a “position habit” 
developed which was verv difficult to overcome Rotation of the 
platform from which tliey jumped did not affect the habif, it ap- 
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penied to be a purely visual piefeicnce, indicating a strongly estab¬ 
lished figuie-ground organization aftei a total visual expeiience of 
possibly 20 minutes, oi not more than a total thiec oi four minutes 
of tactual and manipulative expeiience of the visual picscntation. 

Again, four others were piesentcd with hoiizontal versus vertical 
striations after having made 30 jumps to an open versus a closed 
window They took somewhat longer to jump, but nevertheless did 
so spontaneously, at the first presentation of these completely new 
patterns The jumps weic cleaily duected toward tlie centres of the 
unfamiliar cards Under othei circumstances one miglit say that the 
cards toward wliicli the animals looked were conditioned stimuli 
deteimining the direction of the jumping, but here the animals had 
had no expeiience of the diagiams to which thev weie leacting, and 
It must be concluded that the lesponse was determined by the sur¬ 
roundings—by the place of the cauls, not by the caids themselves 
This appears to be the functioning of the figuie-giound relationship 
m a tii-dimensional pattern. Further, the diagrams themselves ap¬ 
peared to be organized for some of the animals at this first presenta¬ 
tion. one rat made one cuor only m the fiist 10 trials, while another 
made 8 eriois in 10 trials, definitely prefeinng the vcitical striations 
in spite of irregular alternation of the two cards and repeated failure 
to find food, 

Sucli incidental obseivations, liowever, can at most establish that 
there is the figure-ground relationship m the first visual activity 
Further experiments were necessary to obtain anv infoimation as to 
how tlie relationship is established, or how it functions 

B Expelime?ifs (Innug the fiist nihiiites of vhton 

Two methods of study weie available: fiist, observation of be¬ 
havior in circumstances designed to reveal selective icsponses to parts 
of the visual field, and secondly, the use of foimal tiaining in visual 
discrimination Each method lias definite disadvantages. The ob¬ 
servation of behavior in a free field permits few repetitions, since 
It IS impossible to know when learning begins to have an effect, with 
training, on the other hand, the animal is being tested afiei liis first 
visual experience, and the training must therefore be made as short 
as possible 

In spite of these disadvantages of method, it was thought worth 
while to observe the behavior of the lat in controlled conditions dur- 
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IIIK the first feu moments of his visual e\pciience These experi¬ 
ments weie incidental to the study of transfer of lesponse with geo¬ 
metrical figuics (rcpoited below), they were not a systematic in¬ 
vestigation, hut lather a snivel inteiulcd to reveal any stiilcing fea- 
tuie of the beliai ior The incidental observations alieady icported had 
failed to suggest definite methods of investigation, amt it was felt 
that the 28 animaU available could bettei be used m such a suivey 
than in a !^lnglc expciinient which might oi might not aftoid con¬ 
clusive Jesuits. The animals weie theiefote divided into 4 gioups 
of 7 each; with these it was found possible, planning the latei expeu- 
ment-, of the senes on the basis of the icsults obtained in earlier ones, 
to obtain infoimation upon thicc questions; (1) Has the rat any 
innate preference fot black as against uhitc^ (2) Will ho respond 
selectivclv, at the lli&t introduction to light, to a diffcicntiatcd legion 
within .1 unifoini giouiuP (3) Will Ins fiist VlsunU^’ conditioned 
rc'poiise he disturbed bv a icvcisal of biightncss gradient between 
the object and the field, that is, is a white object in a black ficl<[ 
functlonallv equivalent to a black object in a white field ^ 

Expenmeni 1. lilack-tohne piefereiice 
Mciho<). The animal was mtiodiiced to light in the centre of 
a fice field enclosed by a bairiei half white, half black, and pei- 
mitted to move in the field until he reached some pait of the baiiicr 
A record was made of the segment of the baiiici leached bv the 
animal—that is, ulietliei he chose white or black 

TABLE 1 


Numder. or Animus Ciioosinr Biack or White in 2 Trials at the First 
Introduction to Lioht 


1st trial, 

black white 2nd trial: black white 

total: 

black white 


6 1 4 I‘ 


10 2 


‘Choices of fne animals given only in ihe second test, one not tested, one 
choosing ncillicr black nor white 


The bairicr was half of black, half of a ligbt-giay cardboaid 11 
inches high, making a circuiai cnclosuic of 44 inch diameter on a 
waxed black circular tabic. The sole source of light was a 15-watt 
lamp hung 10 inches above the centie of the table. The table could 
be rotated, interchanging black and white 

The seven animals were first tested witliout changing the posi- 
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tions of black and white, the table was then lotated thiough 180 
dcgiccs, and the animals le-testcd 

Results The Jesuits aie presented in Table 1. It will be seen 
that in both tiials one animal only chose white Since the rats were 
not numbered, the expeiimentei could not know if this one was 
the same on each tiial By an erioi one animal was not given the 
second test Also, on the second test one animal chose neither black 
noi white but the dividing line between them, and is not included 
in the tabic The mimbei of animals reported on the fust test, theie- 
forc, IS seven, on the second five. 

Similar tests with {a) a 20-degiee segment of white m an other¬ 
wise black bainei, {b) a similai black segment in a wlutc baiiier and 
(c) a black box, subtending an angle of 30 degiees at the centre 
of the table, against a white baiiier, gave less conclusive icsults, but 
again showed a sliglit pieference foi black A second gioup of ani¬ 
mals, exposed to light for the fiist time, weie used, and weie given 
one um with each of the white and black segments, and two runs 
with the black box The results were («•) No animal chose the 
white segment; (/>) 2 of 7 animals chose the black segment, and 
m each of these tests the piobability that one lun will he to the 
differentiated segment is I/I8 (t) Xhiee of 14 runs were to the 
black box against the white bariiei; chance, 1/12, oi about one con¬ 
tact in 14 luns. The choices of black in these tests aie moie f lequcnt 
than ch.ince, though not significantly so; but taken with the total 
of 10 choices of black in 12 tiials on the fiist terft makes a prcfeience 
foi black, in the expeiimental conditions described, statistically prob¬ 
able One may at least conclude that theic was no prcfeience foi 
white. This conclusion is impoitant for the inteipretation of Experi¬ 
ment 2b (below), in which a prcfeience was found for a more com¬ 
plex pattern of black and white, as against a black background. 

iLApemneni 2(i, 1 iivesli^ation of a figtne. 

Tins and the following expciiment (2Z») suffered paiticulaily 
fiom the disadvantages of method alieadv mentioned. No training 
could be used, since the puipose was to discovci if the visual ptesen- 
tation is organized at the moment of fiist stimulation In the ob- 
setvation of behavior it was veiv difficult to dctcimine the point at 
which the behavioi began to be affected bv cxpeiience 

Method The expciiment sought to discover if the animal, put 
in an uncomfortable position, would in his attempts to escape orient 
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himself towaiJ a distinctively inailced object, or attempt to leach 
it. Foi tins puipose the xat was placed on a small ciicular platfoim 
at tl»e top of a lingitand, the platforin was 3 inches in diameter, 
small enougli to make the rat feel insecuie To pievent his attempting 
to slide down the upright upon which the platform was placed, a 
tvibular hood of black velveteen was attached all lound the edge of 
the circular platform, and extended downward enclosing the upright 
for a distance of 5 iiiclies 

The second pl.itfoim, placed just beyond vibrissae reach, sub¬ 
tended an angle of 60 degrees, and was distinctively marked by the 
addition of ,i 6-inch square of black caidboaid to which was gummed 
a white ring of inner diameter 2 inches, outer diameter 4 inches. The 
background was a screen of black cotton, using fiom the floor to a 
point 10 inches above the animnl, foiming a sqiiaie enclosiiic 3x3 
feet 

Seven animals, alicady tested in Experiment 1, were used The 
fact that these riiiimals had nlieady been visually stimulated mav have 
been responsible for the negative results obtained This is improb¬ 
able, howevei, since the two situations weie so dissimilar. 

Eacli animal was tested once only, but with different animals the 
direction of the second or "goal” platform was vaiied in tliiee posi¬ 
tions—East, North, and West from the animal. An electiic fan 
directed a current of an over the animal fiom the South, so that it 
was improbable that any odoi of the second platform could reach 
liim The noise of the fan also constituted a "sound screen” helping 
to minimi/e the effects of extraneous noise. 

Light was provided by a 15-watt lamp hung 10 inches above the 
aniiri,al, and screened to cast light only within the enclosure The 
animal was taken from his cage in complete daikness and placed on 
the small stand. The light was turned on for a period of 180 to 
205 seconds, and the time recorded (by means of a stop watch) which 
the anim.il spent oriented toward the goal platfoim 

Resrihi The results were negative; approximately a chance 
piopoition of the total time was spent facing the goal platfoim A 
total time of 1310 seconds was spent by seven animals on the stand, 
of this time 175 seconds was spent oriented toward the goal platform. 
This is approximately 1/7, or a little less than the 1 /6 called for by 
chance 

The range of the times spent bv individual rats facing the goal 
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phitfoim was from 10 to 45 seconds, the aveiage 25 seconds The 
behavior did not suggest any selective response to the goal platfoim, 
to the noise of the electric fan, or in any othei direction There was 
no attempt to climb off the platform upon which they ueie placed, 
but only a rather constant change in direction of orientation 

Rxperimeut 2b Investiffoiiou of a figuie 

Aletliod A second experiment with the same puiposc was set 
up, using this time the open field method The goal platform differ¬ 
entiated by a white ring on a black ground, alieady desci ibed, was set 
at the edge of a black waxed circular table of diameter 48 inches, Be¬ 
side tins was placed a white object about 2 inches squat c swinging 
slowlv thiough a 10 to 12 inch aic one inch above the level of tlie 
table A l5-watc lamp 12 Inches above tbc centre of the tabic lighted 
figuic and tabic cleaily, and left the backgiound dark. 

Seven animals were intioduced to light for the fiist tunc. Each 
was given two tests; in the first the figure was at tlie East side of 
the table, in the second at the West side An electric fan, South, di¬ 
rected a current of air acioss the tabic to eliminate olfactoiv cues 
from the figures or the experimenter 

The rat was icmovcd ftom his cage in complete daikncss and 
placed in the centre of the tabic, oiiented at light angles to the direc¬ 
tion of the figures The light was turned on and left until the animal 
had moved fiom the starting position to the edge of the tabic, when 
the light was again turned off and the animal returned to a cage in 
the daik box When the daik box had been closed, a rccoid was made 
of the approximate movements of the animal, and of the part of the 
table's ciicumfeience at which he had at rived—tiiat is, if he chose 
the figure or rejected it The figuie subtended at the centre of the 
table an angle of approximately 60 degrees, or 1/6 of the circumfei- 
ence, so that chance selection would mean that two of tlie 14 runs 
would be to the figuie 

The animalb had been nuinbeied befoie the expciiinent, and could 
thus be identified in the second trial 

Resulls, One animal did not move in cithei trial, but remained 
motionless in the centic of the table for moie than 3 minutes, after 
which the test was discontinued One animal ran away from the 
figure both times, the remaining five selected it in both runs Tlie 
time foi each run ranged from 5 to 20 seconds 
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Such a clcgice nf consistenc 3 ' iii behavioi sugi^estecl that the posi¬ 
tion of the experimenter might have influenced the runi> Repetition 
of the experiment, Mitb a group of animals used m Experiment 1, 
pave these results. 1st run, 4 of 7 to the figutc, 2r(l run, no choice of 
tlic flpure. This total of 4 m 14 luns is highei than chance, though 
not significantly J and the difteicnce, as compared with tlie first group s 
peifoiinance, may be discounted, owing to the fact that the animals 
of the second gioup (those witha total of 4 choices of the figuie) had 
alicatlv been used in .in open field cxpeiimcnt Then peiformance on 
the first run, w'ltli 4 of 7 to the figure, contiasts sliaiply with that on 
the '■ccond uin, M'lth none choosing the figuic. 

Taken togcthci, the peiformances of the two gioups give evidence 
of a picfereiice for the differentiated legion of the figure. 

T)isciission The question as to whethei tins picfcience in¬ 
dicates a perception of the “figuie” as such, as unified and distinct 
from Its sun oundings., is difficult to answer. Sevcial points here 
deserve comment The lighting of the table was so aiianged that 
the bnckground, though not homogeneous, was much darkei than the 
ficuio Itself. The figuie was composed of two parts, (n) a moving 
white object, and (it) a white ung on a black surface. It was clear, 
in ohseiving the animals* behavior, that thcie was na tendency to 
select either p.irt of the figuic; the runs were most frequently near 
the Centre of the figure, lather than to n:\oving or stationaij' object 
Thcie was no evidence then of the peiception of two objects or figuies 

It seems veiv impiobablc that the legion in which the complex 
figure was could have been chosen because of the dements composing 
It. The region vvas differentiated fiom the backgiound in that (^) 
It contained white aieas, which bad (A) stcepei intensity gradients 
between black and white than other intensity giadients of the lest of 
the field, (c) one of the white areas was m motion and finally {d) 
the objects composing the figure weic distinct tu-dimcnsionally fiom 
tlicir surrouiulmgs The last of these, (d), need scatcely be con¬ 
sidered, since It IS impiobahle that the diffeience m visual depth would 
be eftcctive before the objects are seen as unified, if tlicy are so per¬ 
ceived, the figure.-giound relationship is organized. It is .ilso unlikely 
that either (a) oi (A), white areas with steep intensity gradients be¬ 
tween black and white, determined the preference of the rats foi the 
figure since both factors were picsent and ineffective in the black- 
whitc preference tests of Expeiiment 1. In that experiment, thcie 
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was evidence of a piefeiencc foi a laige oi small black segment, but 
none for a while segment, of an encircling baiiier (c) The motion 
of one part of the figuie may be dismissed as an independently de¬ 
cisive factoi because in the behavioi of the animals theie was no in¬ 
dication of a prefcience foi the region in which the motion occuned 

Such leasonmg points dcfinitelv away fiom the constituent paits of 
the piefcrrcd figuie, and toward its piopeities as a whole in the de- 
tcimination of the piefeience It is not clear that this means the 
pciception of a unified figure, although the figuie as a whole appeals 
to have been pciccivcd as something othci than an aggregation of the 
constituent elements This perception, since it occuis in the fiist 30 
or 40 seconds of visual expciiencc, is independent of any condition¬ 
ing process, i e,, is innately determined 

Ph 5 'sioIogicalIy, the tunctioning of the visual sj’stcm must be such 
tliat tlie activity aioused by part of the field (the “figuie”) is scgie- 
gated in some way tiom othei activity in the system The factors 
involved aie obscuic Rubin’s woik (1921) has shown the exist¬ 
ence of phenomena which are difficult to bung into relation with 
physiological events, especially since it is not known at what ncmal 
levels the piocesscs occur The most lelevant phj'siological material 
is that obtained fiom the study of visual defects resulting liom head 
wounds (Kluvcr, 1927), and particulaily Poppelienter’s (1923) 
analysis of the various levels of visual organization m these patients 
There is no evident iclation, howevet, between this kind of detec¬ 
tive vision and the vision of congenitally blind patients restored to 
sight (Senden, 1932) 

Expet nnent 3 Fiiiicftonal eqiiwalente of black and white 

A'lethod Seven animals which had had no visual cxpeiience 
wcie fiist tiained, m complete dnikncss, to find and cioss to a plat- 
foim at a distance of 5 inches, they were then given the same piob- 
1cm in light. During tins tiaining the goal platfoim was white, the 
backgiound unifoimly black, when the rat had learned to find the 
second platform by means of visual cues, he was given a black plat- 
foim with a white backgiound, to discover if his response would be 
disturbed by the reversal of the brightness gradient between figure 
and ground 

The starting platfoim was ciicular, of 3-inch diameter, and black 
The goal platfoim duimg training was of unpainted white pine, 
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upon -which was placed a wliitc food dish The background during 
training was a black cotton screen using from the floor to a point 
10 inches above the animal, making a square cndosuie 3x3 feet In 
tlic test, the goal platform was painted a flat black, and had no food 
or food dish upon it The backgiound in the test was a light-colored 
wrapping napci 

Light was supplied bv a 15-watt lamp 10 mcJiM above the lat ,and 
shaded to cast liglit within the squaic enclosure only 

Duiing the preliininaiv training in daikness, the goal platform 
Avas a distance of 5 inches Thioughoiit tiaiiiing and testing iL was 
varied in three directions. East, North, and West from the stalling 
platform. An electric fan, South, pievcnted olfactoiv cues At tins 
distance the animals could readily find and cioss to the second plnt- 
foim 111 complete darkness 

In the first day’s training with light it was found necessary not to 
increase the distance of the goal platfoim, ns had been planned Thiee 
trials only were given On the second and succeeding days six tilals 
weie given, with the goal platform at a distance of 6 inches. At this 
distance the lat could find it with In') vibiissac only by making a 
definite effoit in the right direction. 

On the fourth day, although some animals had not completely 
learned to use visual cues only, the test was given: the -white goal 
platform leplaced bv a black platform without food disli, and the 
black surrounding screen replaced by a similailj arranged white one 

An error in both tiaining and test trials was defined as any stictch- 
ing out, as if to cross to the goal, in a wrong direction This was not 
a clear-cut criterion, so that much doubtful bchavioi had to be 
scored as errors 'I'lie error score is theiefore probably higher than 
It should have been 

Jiesiihs. The lesults me presented in Table 2 The tabic in¬ 
cludes an estimate of tlic maximum visual expeiience involved in each 
of the three training periods* 6, 6 and 3 minutes respectively Rat 
and cxpciimentci were both in complete daikncss except in the actual 
choice peiiods, and a moic exact time record would have added undue 
complications to the cxpcnmcntal procedure The estimates are foi 
the slowest rat each dav, and like the enoi scores are probably higher 
than the reality It is improbable that any except one animal, No 5, 
had a total visual experience of more than 8 minutes bcfoie the 
test. 
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TABLE 2 


R 01 Errors Madf uy 7 Rats RrARio inr Darkness, in Learning to 
CP TO A White Pi atform anb Tfstld wtrn A Black, Plaitorm 


1st day 
(3 tri.ils, 

S mill max’in) 

2nd day 
(6 trials, 

5 min inax’ni) 

3rd day 
(5 trials, 

3 min max’in) 

Test 
(6 ti lals) 

3 

4 

1 

0 

3 

S 

2 

4 

3 

4 

0 

0 

S 

1 

0 

0 

3 

2 

2 

4 

2 

0 

2 

1 

2 

3 

1 

3 

19 erifiis 

19 eriois 

8 ei 1 ors 

12 errors 

21 tiiah 

42 trials 

42 trials 

42 trialb 


c numbei of ciiois made on the fiist dav, «i total of 19 in 21 
meaiTn a total failuie of the animals to use the visual presenta- 
n the scaicli for the goal platfoim They had been trained m 
ess to step across a Sf'P to food, if, as is suggested by E'^peiiment 
icrc IS an immediate pciccption of the figuie as ^ucli, one might 
sxpected the rat when fiist given visual cues to investigate the 
diffeientiated pait of the visual field, and tlicrefoie to make 
iiors Rut although the ciioi score may be too high, tlie ex- 
entei saw no suggestion of a selective lesponsc to the goal 
rm, 

c rapid learning, however, shown in the dccicasc of totnl eiiois, 
19 in 21 trials to 8 in +2 tiials, suggests that the failure of the 
Tiinative lesponse was not due to a lack of visual perception, but 
ack of relationship, for the lat, between visual pciccption and 
aicb foi food. 

e test scoies show that Nos 1, 3 and + made no ciiors in the 
il trials. The bchnvioi of these three was clcaicut they ciosscd 
rtlv, without investigatoiy activity, and showed no disturbance 
e change of brightness relations between figuic and ground 
) made one error only, if this one is included, + of 7 animals 
erred then responses to the new conditions 
.hould also be noted that one animal. No 5, aftei repeated eriors 
ining, failed to find the goal in the fiist test tiial, and had to be 
d to It 

Discus'nou The conclusion fiom Expeiiment 2b, that the 
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figure-proimci oi iiani/Rtion is to he found in the first visual activitv> 
IS further supported by the rapid Icaining hi Experiment 1 If t)ie 
organization M’cie the result of a learning process, one would scaicely 
expect It to occui m a vibual cxpciiciicc of eight minutes oi less, with 
onli n presentatmns. The experiment shows, furtbei, evidence 
that tjic determination of the response was something of the nature 
of tile figuie-giound relationship lathei than any specific stimulus 
The conditioning was not tneielv a conclitioning to a focus of retinal 
excitation; foi in the ciitic.il trials, the icsponse conditioned to a 
white (stiiiuilatiiig) object is evoked bv a black ^lelativelv non- 
stiiuulating) object A stimulus-response foimula might toiielate 
the response conditioned m tiaining to the letmal excitation caused 
by the white figuie. But when all the lelina is excited except a ic- 
gion similar to tiie foimerlv excited one, the response iS determined 
by thr strioH i/nc\ciled regtott, not bj the pait of the ictina winch is 
now excited 

It innv be concluded that the lesponse was dctei mined not bv a 
specific retinal excitation, but by a di/feiciitiatiun between a icgion of 
excitation and the sunounding, less excited, retinal field, for sub¬ 
sequently the response was evoked by the same region when less ex¬ 
cited tlian tlie sui rounding field. 

Srnnnitny. To summaii/c the icsults of the cxpciimcnts with the 
first moments of visual activity The choice of a complex black 
and white figure, against a black ground (Exp. 2), in spite of a pief- 
erence for black as against white (Exp I), the immediate learning 
to lespund to ■white against black and the subsequent spontaneous 
transfer of resjionsc to black against Avhite, are compichensible on 
the assumption that the fiist visual perception is of an object differ¬ 
entiated fioin Its hackgiouiid, hut aic with some difficulty accounted 
for by the tlicoiv of sensoi) oiganization through conditioning. 

Discrimjnatioh of GcoaiiiIRtcal Pattijrns 

At the prc'^cnt stage of development of psychological tlieory, one 
of the principal pioblems presented bv the discrimination of patterns 
lies in the fact tliat a discrimination established between two speci¬ 
fic p.ittcnis -will be immediately extended to certain other pairs of 
patterns As with the figure-ground organization, it is of great inter¬ 
est to know what part is pl.ivcd by experience in this tiansfer of re- 
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sponse Lashley (1934) has pointed out that the lesponse of the 
matuie animal ii apparently not to the precise pattern of receptor 
cells stimulated but to a property of the pattern that may be called its 
fonn, and has in unpublished expeiiinents made an extensive study of 
the rat’s tiansfer of response in the visual disci imination of geomet¬ 
rical patteins The problem of the present experiments was to detei- 
mine if previous visual expenence is nccessai v to the transfer, in other 
words, to determine whethei the behavioi, m tiansfer situations, 
of the rat reaied in daikness is like that of the lat rioimally icaied 
in light 

Method and Appaiatiis. Eighteen animals which had been reared 
in (laikness, as already described, wcie trained m pattern disciimina- 
tions bv the jumping technique devised by Lashley and described in 
detail by Gullikscn (1932) (A) Fouiteen of these animals wcic 

trained in a fully ligiited room, bcfoie tiainmg they were brought 
from the dark room and allowed to become light-adapted in deep 
narrow boxes open only at the top, and painted a flat black. When 
the training period was ovei they were rctuined to the dark lOom 
until tlie folloiving day (B) The rem.iUHiig foui animals were 
trained in the dark loom They wcic placed upon the jumping plat¬ 
form in complete daikncss The light was tuined on until the lat 
jumped, and tuincd off while he ate, oi in case of an eiror, while he 
was being returned to the jumping platfoim Thus this gioup, as a 
check upon the performances of the animals tinined in full lighting, 
weie exposed to light only while they weic on the jumping platform 
and had no opportunity to explore a visually presented environment. 

(A). The jumping stand used in full lighting was a slight modi¬ 
fication of that used by Lashley It had a wooden instead of a glass 
top, was lined ovei tJie top and sides with black velveteen, and light¬ 
ed from inside by two 7j4-watt lamps one on eithci side of the 
jumping platform. The feeding platform was enclosed by 6-inch 
walls, upon which the rat was not peinutted to climb, and which 
prevented him from seeing the surrounding room 

(E). The jumping stand used in the daik room had a glass top 
which extended far enough in each direction that the rat could not, 
by standing up, reach its edge No othei suiface was near enough 
to be touched by the rat while he was on the jumping platform. The 
platform itself was circular, of 3-inch diameter, which is small enough 
to make it difficult foi the lat to see the surface upon which he is 
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placed. A black velveteen hood was attached round the edge of the 
platfoim and extended downwaid five inches concealing tlic upright 
to winch tlic plntfoini was fastened The top of the platfoim was 
covered with black velveteen; this, with the hood concealing the up¬ 
right, made virtuallv homogeneous surface. Rccause of the small¬ 
ness of the platform, the visible edges of this surface foi the rat would 
he alwaV' behind and below lifiii and difficult to exploie t.ictu.slly Tlie 
actual edge of the platform, upon which his foiefeet rested, would be 
because of the continiiitv of velveteen coveiing and hood not visually 
distinct for the rnt. The lighting of this appaiatus was fiom a 15- 
watt lamp placed behind and above the annual The position taken 
by the I at picparatoiy to jumping was sufficient wai iiing to enable the 
expeiimentcr to switch oft the light bcfoic the rat landed on the 
feeding platfoim 

In the usual tiaiinng proceduie, which was followed with those 
animals (//) tiainccl In full lighting, the rat is peimitted to walk 
acioss a boaid laid fioin jumping to feeding platforms, and then made 
to step across longer and longer gaps Fn these pieliminary steps, the 
animal obtains an extensive experience with both visual and tactual 
aspects of the objects and suifaccs about him For the animals to be 
trained in the dark loom (5), sucli extensive visual experience was to 
be .avoided, nnd it w.as found possible aftei some initinl difficulties 
to train the animals to jump m complete darkness Their visual 
ex|)cricnce tlierefoie began after they had become accustomed to the 
jumping bt.and, and then first jumps in the light were made to white 
(positive) and black (negative) caids. 

The training of Group B, thcrefoie, is a control of incidental learn¬ 
ing of "form" duiing the training peiiod, and the pcifoimancc of this 
group, winch had no opportunity foi simultaneous tactile and visual 
exploration of surfaces, is to be compared with tlie performances of 
the group trained in full lighting 

Attempts to contiol othei factois which might account for dis¬ 
ci imination of patterns arc to be found in the patterns which were 
used, and in the training and test sequences When both gioups had 
learned a black-white disci imination, they were trained to discriminate 
horizontal from veitical striations {j4, Figure 1) of ^-inch width 
Thev were then tested with vaiious combinations of the liorizontal- 
veitical diagrams {B, C. D. E) of Figmc 1 When the ciiterion 
of learning, 20 conect eirorless tuals, was attained, the animal was 
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FIGURE I 

The diagrams are leproductions to scale of S\S inch stimulus cards used 
in training and testing the animals reared m darkness The stnations, A, 
were used in training, the horizontal positive, the vertical negative The 
solid triangles, F, were also used in tiaining, the upright positive, the 
inverted negative. The other pairs of diagrams were used in tests for 
transfer, the numbers I and 2 distinguish the individual ctiids in Tables 
3, 4 and S 

immediately given 10 test tiials, on the nett day, 10 retiainmg tiials 
with the training stimuli (Diagram A), and a second 10 test trials, 
making a total of 20 test tiials in which a choice of eitliei of the test 
stimuli was rewarded. 

Diagiams D and E weic designed to test the possibility that trans- 
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fer, in hoi i^ontal-vertical discriminations, miglit be explained by eye- 
movements and the follovving of visual contouis. With Diagiam E 
tliere is no possibilitv of disciimination by cither n following of con¬ 
tours oi iieiception of vcitical elements, with Diagram D, the hori¬ 
zontal mass of D 1 has actually three times as much veitical as hou- 
zontal contoui, and vice versa for D 2 Diagiams B and C i'^volve 
some test of tlic impoitancc of identical elements in tiansfer The 
single Stripes of B 1 and B 2 are identical with the individual stiia- 
tions of tlie training cauls, A the lectanglcs of G 1 and C 2, howevei, 
are tnicc this Avidth, and the hoiizontal rectangle, theiefore, has al¬ 
most as many elements identical with the caid bcaiing veitical stria- 
tions ns that hcaiing the hoiii'ontal {A 1 and A 2). A test of tians- 
fei fioni A to C, tliough not conclusive, is to some extent a test of 
inipoitance of idcntiLal elements. 

FolloAVing these tests, the animals weie Uaincd to disciimmate 
tlie erect and inverted tiiangles of Diagiam F, and tested with the 
outlines of similar triangles (G) anti triangles circumsciibed by cir¬ 
cles (//) The details of tiammg and tests follow 

(1) The group trained in the dailc room wcie trained with stiia- 
tions (/i), tested with icctangles (G), and composite rectangles 
(Z>); trained with solid tiiangles {F), tested with outlines of til- 
angles (G) and ciicumscnbcd triangles (7f) (Table 3). 

TABLE 3 

laaitJiNf. AND Ttsr Records oe 4 Animals Rbarpo in Darkness and Trained 
WITH Lightinc: Control 

Tlie letiLfs J to 11 refer to the diagrams of Figure J /I, trials to learn 
sirialions, L'l, Cl, Dl, D2, number of responses to each of 4 diagiams in 
2 transfer icsts, I', trials to learn solid triangles, Gl, G2, 1I\, 112, number 
of responses to each of 4 diagrams in 2 transfer tests 


Rat 

No 

A 

Cl 

C2 

DI 

D2 

F 

Gl 

G2 

TH 

II2 

8 

Itlii 

11 

9 

11) 

10 






9 

no 

H 

6 


16 

90 

19 

1 

11 

9 

11 

190 

16 


10 

10 

90 

IS 

2 

IS 

2 

12 

90 

17 

3 

r 

J6 

70 

20 

0 

16 

4 


(2). Half the gioup trained in full lighting weie tiained with 
stnations {A), tested with rectangles (G), and were then trained 
AVith the same diagrams, the horizontal rectangle positive They 
Averc then further tested with composite icctangles (D) and with 
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hoii'zontal and vertical pair.\ of ciidcs (£). Lastly they weic tiained 
with solid triangles (F) and tested with outlines ((?) and ciicum- 
‘^cribed tiiangles (H) (Table 4) 

TABLE + 

Training and I'csr Rscords of Sevbm Animais Rfared in Darkness \''d 
Trained without LionriNc Control 

'Ihe letteis A to H refer to Kigure 1 A, trials to learn slnaiions, 6’1, CZ, 
luimlier of le'ipaiisc.s to each of 2 diagiams in transtci lest, C,, tiials to Irnrn 
rectangles, D\, D2, Ei, E2, number of responses to each of 4 diagrams 
111 2 transfer tests, F, trials to learn solid triangiei; Cl, G2, III, III, num¬ 
ber of responses to each of 4 diagrams in 2 transfer tests. 


Rat 

No 

A 

Cl C2 

c 

Dl D2 El E2 

F 


Gl 

G2 

HI H2 

1 

90 

75 5 

60 

12 3 14 6 

130 


20 

0 

11 

9 

2 

100 

11 9 

30 

38 2 13 7 

130 


18 

2 

14 

6 

1 

160 

11 9 

SO 

77 J 11 9 

100 


14 

6 

10 

10 

4 

160 

12 3 

30 

10 10 77 3 

130 


10 

10 

10 

10 

5 

ISO 

9 11 









6 

40 

ll 9 

40 

20 0 

70 


19 

7 

75 

2 

7 

no 

14 6 

50 

10 10 9 7' 







'No 7 

had 10 trials onlv with diagrams Tl and £2 






(3) 

The 

second 

half 

of the animals 

tiaincd 

in light wcie 

trained 

with stiiations (.4), tested with single hoiizontnl and vciti- 

cal stuations (B), with composite jcctangles (D) 

and with hou- 

zontal ; 

find vcitical pans of 

ciiclcs (E) (Table 5). 









TABLE 5 







Training and 

Tlst Records 

OP Spvln Animais Reared 

IN 

Darkness 

and 



Trained without Lighting Controi 





The letters A 

to E lefer to Figure 1 A, liials 

to learn 

stnations. III 

, B2, 

Dl, D2, 

£1. £2: 

, number of responses to each of 6 diagrams 

in 

3 transfci 

tests 

Rat 











No 


A 


])1 B2 

Dl 

D2 



ILl 

E2 

13 


130 


9 11 

10 

10 





14 


90 


77 ? 

14 

6 



13 

7 

15 


170 


IS 2 

10 

10 





16 


70 


20 0 

10 

10 



10 

10 

17 


100 


14 6 

10 

10 



10 

10 

IS 


90 


IS 2 

11 

9 



10 

10 

19 


60 


18 2 

10 

10 



10 

10 


Results and Disiusswn, Tables 3, 4 anil 5 present tlie results of 
tlie tests In each the individual tests, distinguished by the letteis 





122 


JOURNAL or CrNETIC PSYCHOLOGY 


of Figure i, nrc ^ivcn in the oidei in wliich tliev were ptesented to 
the nniiiuils. Fui each pair of diagrams, the numbei of choices of 
each single diagram is given, ihe left (in Figuie 1) fust 

Assuming that 15 choices of one pattern in 20 test trials is suffi¬ 
ciently above chance to be significant, it will be seen that all signifi¬ 
cant scoics for each grouj) aie in the same diiection—i e, indicate a 
prcfeicncc foi the same diagiam In summan^mg the tahulai 
material for discussion, this tiend will be regarded as showing tians- 
fei of response to the preferred diagram 

(1) . The group trained in the dark room tiansferied to the 
plain hoiizontal rcUangle {C 1), to the composite veitical rectangle 
{D2), with triangles, to the outline [G 1) and to the circumscribed 
triangle {H 1) (Table 3). 

(2) . The first gioup trained in full lighting tiansferied to the 
plain horizontal icctanglc [C 1), and then, aftci further training with 
these diagrams (C I and C 2), to the composite hoiizontal rectangle 
{D I) and the horizontal pnii of cnclps (£ 1), with tnangles, to 
the outline {G 1) and the circumsciibed tiiangle {H 1) (Table 4) 

(3) The second group tiaincd in full lighting transferied to the 
hori/ontal stripe {U 1), but to neither composite rectangles (D) 
nor to pniri. of cncles (£), although vi’ith both the only deviations 
fioin a completely chance score arc tovvaid the hoiizontal mass (D 1 
or h 1) (Trihle 5). 

Tlic significance of these data inav be discussed in the light of three 
possible explanations of the pattern discrimination; {A) discrimina* 
tion of visual foim is established by the simultaneous tactual and 
visual investigation of objects, {B) it is determined by proprioception 
fiom eve-movements in following the contouis of the patteins, and 
(C) ii IS detcimined by identical elements in the patteins 

A Tacitial e\pe!tence of visual piesentatton The performance 
of tlie animals tiaincd in the dailc room, with no opportunity for 
simultaneous tactual and visual exploiation of objects, Joes not difter 
greatly fioin that of the gioups tiained in full lighting, as far as the 
test sequences aic comparable Then tiansfer to outlines of triangles 
and ciriiiniscribcd triangles (Table 3) is rather more consistent than 
that of the other group (Table 4), though this is probably a chance 
variation, since thcie is no leason why this group should do better 
That they did no worse, howevei, is important; it may be concluded 
that no incrdcntnl learning, or incidental visual expenence of other 
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than the tiaming caicl$, is the basis of the tiansfejied lesponscs If 
It were, tlie animals ti.nned with a drastic limitation of visual cxpeii- 
cnce should, if thev show transfer at all, show it to a less extent than 
those trained in full lighting 

B Eye-movemenis and visual contoiiis It mav be seen from 
Table 4 that animals tiained with striations (A) and plain lect- 
angles (C) transfeiied to the horizontal mass [D 1), witli the 
composite lectangles, lather than to the horizontal contouis of the 
vertical mass (D 2), with the hoitzontal and veitical pans of eli¬ 
des, the hoiizontal pan {R 1) was prcfeired, although theie was no 
question of eithei horizontal or vertical contour 

The animals trained in the daik room, howevci, tiansfcncd to the 
hoiizontal elements of the vertical mass {D 2) with the composite 
icctangles The explanation is piobably to be found in the clifteient 
preliminarv tiaming The animals which tiansfeiied to the horizon¬ 
tal mass {D 1, Table 4) had been trained with the plain lectangles 

(C) , before being tested with the composite rectangles {D) ; those 
trained in the daik room had not This interpietation is supported 
by the data of Table 5 These animals, like those tiained in the dark 
loom, did not have the interpolated training with rectangles and 
showed no significant tiansfer to the composite rectangles. 

C Identical elements in transfei If the transfer to the composite 
rectangles (D) is due to the interpolated training with plain rect- 
angulars (C), an obvious explanation suggests itself, that the trans¬ 
fer occins when there aie identical elements in tiaming and test 
diagrams This would account for the transfei with triangles as 
well as much of the horizontal-vertical diijciimination, 

Opposed to this explanation, however, is the tiansfer from stiia- 
tions {/!) to plain rectangles (C) (Tables 3 and 4) The number 
of identical elements between horizontal rectangle and vertical stna- 
Cions ivould vaiy with diffeient fixation points, but in any case iroulcl 
not be greatly less than the niimbci of identical elements in hoiizontal 
rectangle and hoiizontal stiiations The difficulty for the explana¬ 
tion is that theie aie too many identical elements Again, the data 
of Table 5 show that after tiaming with stiiations alone theie aie 
three departures from chance scores in tests with composite rectangles 

(D) and with ciicles (E ); all three aie toward a pieference for the 
horizontal mass, although identical elements would play a vei\ minor 
lole in the discrimination 
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'Tficre li. not, then, {le/initcly conclusive evidence that the discrim¬ 
ination Is iiideiienrlciit of identical elements, but such a conclusion 
seems veiv piobable It is piobable, that is, that m the discrimination 
there is a perception of foim as such 

The question of form pieseiits some difRcultv If't is innately de¬ 
termined—that IS, if first visual activity includes the pciccption of 
foiiu, as appeals to be established for man since theie is immediate 
disciimination of foim differences (Senden, 1932)—we are con- 
fiontcd with the piohlem of its physiological detcimination, a piob- 
Icm closely lelatcd to that of the figuic-giound icJationship, already 
discussed If tlic pciccption of foim by lats is a product of experience 
and conditioning, it is difficult to see how this could take place in the 
conditions of the picsent experiment, and particulaily with the group 
trained in the daik loom. The possibility that horizontal and verti¬ 
cal weic disciiniinated hy proprioception fiom eye-movcinents has 
alicady been dismisbcd. There nppeais to have been, foi the dark 
room group at least, no possibility of any othci svmbolic piocess dis- 
tinguishine horizontal tiom veitical masses, or eiect fiom inverted 
triangles Foi the animals in the daik lOom, no visible contoui could 
be manipulated • there was no simultaneous seeing and touching of 
straight lines, and hence no possibility that the visually horizontal 
would be conditioned to one reflex movement, the visually vertical to 
idiothcr, thus dfstmguishrng; them. 

It IS not, thcicfoic, established by these cxpeiimeiits that there is 
n perception of form in the first visual activity in the rat; but tlie 
results of llic experiments, Including that part dealing with the 
Jigiiic-ground icl.uioiiship, make such a conclusion probable and rule 
out the possibility that the organization of visually perceived patterns 
occurs eithei thioiigli a visual following of contouis oi tluougli the 
manipulation of seen objects 

Conclusions 

From the cailicr cxpeiimcnts of thi;, papei, dealing with tlie figine- 
ground rehuicmship, and the peiceptions of the hist few minutes of 
visual activity, it may be concluded that; 

(J) Tbeie is ,m imraediate pciception of a differentiated figuie, 
apart from the pciccption of its elements^ 

(2) The icspoiise to this is primarily not to an elemental excita¬ 
tion, but to a region of differentiation which is inditteiently greater 
or loss intense than tlie suiiounding field 
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Fiom the investigatjon of tiansfei of icsponsc \vith scometncal 
patterns, it is concluded that 

(3). Transfer of lesponse with the disciimination of jicoinetncal 
patterns is not aftected by the icaiing in darkness, or thercattci bv an 
cYtieme limitation of visual cxpciicncc during tiaming 

4) Tiansfei of response is not due to a following of visual con- 
touis with tiic eve, nor to the opeiation of any othei sjmholic pioccss 
established by the manipulation of seen objects 

Duiing tile course ot this papci refeicnce has been made to the ncu- 
lal piocesses uiidcilving the visual peiceptions of the i.its. Tile in- 
feiences made have been opposed to the theoiy of scnsoiv oig.inization 
by conditioning, but the data ot these expeiimcnts do not justify anv 
detailed iiifeiences as to neutial mechanisms. Expeiiments to he le- 
poited in a second papei conccimng tinnsfcr of icsponsc in the tlis 
crimination of size and biiglitncss will peimit some discussion of 
undcilymg mechanisms. 

Summary 

Tw'enty-eiglit hooded and albino rats weic rcaicd to maturity in 
total daikness. Two seiies of e.xpeiimcnts were caiiicd out, investi¬ 
gating (rt) the oiganizalion of the visual figurc-giound lelntionship 
in the fiist few minutes of visual experience, and (b) tiansfei of ic- 
sponse in the disciimination of geometrical patterns after foimal 
training with Lashlev’s jumping technique 

Open field expeiiments at the time of the animals’ first introduc¬ 
tion to light showed (n) evidence of a prcfciencc foi the darker half 
of the field, (Z>) evidence of a pjcfeience foi a visually diftcieiitiated 
legion, and (r) an immediate transfei of icsponse, conditioned to a 
white object against a black field, to a black object against a w’liitc 
field 

Expeiiments with pattern disciiminatioiis levealecl the same kind 
of tiansfei of lesponse as that found by Lashley with noimallv rc.ired 
animals. 

It is concluded that in the lat the figure-ground oiganization and 
the pciception of identity m such geometiical patterns as tlie solid 
triangle, outline of triangle, and tiiangle circumsciibcd by a ciicle aic 
innately dctcimincd Discussion of the implications of the data foi 
neural tlieoiy is postponed until a following paper, but it is argued 
that the first conditioning is not to the excitation of anv specific 
receptois but to a region of difteientiation 
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FACTORS INFLUENCING THE SOCIAL ADJUSTMENT 
OF CHILDREN OF PRESCHOOL AGE-" 

Vmversily of Wyoming 


Lillian G Portbnier 


During the piescliool peiiod the cliild is beginning to be socially 
active He soon learns that certain needs are satisfied best by social 
activities and that his happiness and well-being are dependent upon 
his ability to xinderstand and adjust to othei people Social adjust¬ 
ment IS not a passive process Its development follows much the 
same progression that is found in all phases of behavioi Anderson 
(I) savs' “The behavioi of the adult towaid peisons has its genesis 
in tlic beliavior of tlic child toivaid persons” Behavioi jiatterns are 
estahlislied early in life. “It is now gencially recognized” writes 
Young (ll)i “that one’s major cluiacteristics of personality are 
usually determined before one is five ycais old, and some writers say 
as earlv as two or three ” 

While most writers agree that the preschool period is the golden 
age for forming habits of social adjtistment. few studies have 
attempted to analyze the factors which influence such adjustment. 
Tilson (10) studied some of the pioblems which .nose m the care 
and tiaining of 225 American born children, (110 boys and 115 girls), 
ages one to five j'ears leferred to seven habit dimes, wliose records 
furnished tJie data for the study The problems ticated in the clinics 
were physical, social, and emotional in nature 

The relation between problems and the chionological and mental 
ages of the childien, the educational training, religion and occupa¬ 
tion of the parents, home rating, and the number of children and 
their age position in the family weie studied Hci findings sliovv 
that the piohlcm child is found at all ages fiom one to five years, 
at all mental levels, with all types of parents, m all kinds of homes, 
in all sizes of families, and in all age positions in the family Some 
data, however, appeared to be far more significant tlian otliers as 
indicating factors associated with maladjustment, eg, disagreement 

*Acccpted for publication by Leta S Hollingworth of the Editorial Board, 
and received in the Editorial Office on January II, 1937 

127 



12S 


lOURNAL or GENIiTIC 1'SYCIIOLOOY 


l>etwpeii ril)out dihcipjme, fiiction between paicius, nagging 

attitudes toward the cliild and tendencies to compaie him unfavoia- 
bly with others, inconsistent and lax discipline, bribery and decep¬ 
tion, over-solitude, lack of a “sense of responsibility” foi training 
the cliild and “tension” between molliei and child 

K.iwin (5) analyzed the case lecoids from the Pieschool Depait- 
ment of the Institute of Juvenile Research of the Department of 
PubUc Welfare of the State of Illinois. Tlic major objective of 
hci study was 

To discover ii’liat rdnlioTiships, if any, exist between tlie 
social behavior of the child from two to seven years of age, 
and various other data that had been recoitled about the child 
and his cnviromneiU In order to determine whether certain 
Items arc factors affecting the social ncljustracnt of a child, 
these possible factors ns found in a group of socially ''unadjiist- 
ed” children were compared with sirnilnr data as found in a 
group of 'hvcll'ndjiisted’’ children and in an "tinselected" group 
svhlch served as n further control 

Gtoup A, the problem group,^ consisted of 100 children who 
presented problems of i>ocial ndjustment m then relationships to 
other children Gioup Ji, the well-adjusted gioup, consisted of 50 
children wiio were considered to be well adjusted to other childicn. 
Group G, the unseiccted group, consisted of 100 uiiselected cases 
fiom the files of the Pieschool Department 
Of the 19 items studied in Kawin’s investigation, the only factors 
which appeared to be significantly related to the social adjustment of 
a young child wcie the intelligence of the child, the occupation 
of the father, tlic lelationship of the fathci to tlie child and his 
.tttitudcj. towaid the cliiltl, and the agreement of the parents in rcgaicl 
to child-training 

The studies of Tilson and Kawiii winch liavc been very biiefly 
and inadequately ''Umraaiizcd affoided the stimulus tor the piesent 
study. The majoi objective of this study was an attempt to dctci- 
inme some factors that appear to diffeientiate the socially adjusted 
from the socially unadjusted child of pieschool age. The study is 

‘The use of the expression “problem group" or “problem child” may well 
be questioned, As used throughout this study it rcfeis to children xvho 
presented difficult problems for their parents and other adults who Were in 
charge of their care and tiaining 
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limited m the number of cases with the intent of making it inten¬ 
sive rather than extensive While similar in some lespccts to 
Kawin’s investigation^ no attempt was made to duplicate cither the 
pioblcm or the pioccduic The problem is far more limited and 
tlic small number of cases does not justify drawing any general 
conclusions. It has been possible, however, to eliminate some of the 
difficulties encountered by Kawm as a result of her larger number 
of cases and the difficulty of secuiing complete and adequate data 
for all subjects The data in the piescnt study also should be 
more uniform and consistent since all the workers learned to know 
each child and his parents intimately and thcic was maikcd con¬ 
tinuity in the group of woikeis. The vahre of the study lies 
chiefly m compaiing die findings with those of ot)ier siinilai studies 

The subjects used for the investigation were 25 childicn langing 
in age from two to five vcais when the study was started They 
were enrolled in a Federal Emergency Relief Administiation nursery 
school which was conducted with the coopeiation of the University 
of Wyoming duung the school year, 1934*1935 The nurserv 
school was housed in a suitable six lOom cottage which was in good 
condition It had a large sunny yard with excellent drainage Tire 
nursery school was. supplied witli adequate furnishings find play 
equipment The staff consisted of the head teacher who was a 
graduate student in psj’chology with several years of experience m 
special education, a trained nuisc, a dietitian who was a graduate 
of the department of home economics, a clencnl worker, several 
student assistants, and the writer who was the supervisor of the 
nurseiy school^ 

The children were at the nursery school from 8:30 A M. until 
4;00 P. M five days a week A typical nuisery school schedule wa*. 
followed. A wholesome atmosphere prevailed. Evciy effoit wai. 
made to provide opportunity for adequate social and personal adjust¬ 
ment 

Before any child was enrolled, he was given a thorough physical 
examination by a competent physician, and a brief case history was 

“Members of the sulf nnc] students who cooperated in the study were 
Maude Sholcy, Eileen Goodall, Margiieiitc Johnson, Dorothy Fitch, Kath¬ 
erine Fonina, Harry Frederick, Florenece Gates, Kathleen Gould, Charlotte 
Ilaycs, Eli7abeth Howard, Jo MacDonald, Betty Miller, Martha Omenson, 
Ruth Shipman, Mary Ethel Smith, Barbaia Vickcre and Mavis Wyland 
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taken l>v a ti.imeil socwl «oikci. Diiiinff the /list tiro months a 
careful ca'ic study was made of each child bv the students enrolled 
in a course of nienttil hygiene, the head teacher, the nurse, the dicti- 
tion, and the supervisoi Eveiv student coopeiating in the study 
'-pent at least five houis per week assisting at the nursery school 
No student was assigned more than two childien foi obseivation 
and intensive stiidv fiifoimal meetings were held once a month 
with the mcitheis, the staft and the student assistants to give an 
oppoitunitv for all to become acrjuainted and to di'scuss gencial and 
individual pitiblcins '1 he topics to he discussed were detennined 
In the inajoi pioblcms which had presented themselves foi consid¬ 
eration duiing the month, eg, picvcntion of colds and contagious 
diseases, diet, tcnipei tantiums, cnuicsis, etc 

The study was continued duiing the wintci quaitci by the vsame 
gioiip of workeis who were eniolled foi a couise in the psychology 
of pie'chcKil children Each child was given two individual mtclli- 
gcnce tests In' tiatncd cxamincis The tests used weie the Stan- 
lurd Revision of the ihnet Tcs-ts and the Rhode Island Intelligence 
test for the olcici thildien, and the Kuhlman-Binct and the Minne¬ 
sota Preschool Test foi the younger childien A thud test was 
used when there tvas markcfl disciepancy in the results of the hist 
two tests 

'Pile language licliavioi of each child in a controlled situation was 
tC'.ted using the tcchnti\vc outlined bv Goodenough find Andei- 
son (?) The child was placed in n familiai envuonment Aftei 
sufficient prcliiniiiarv convei'ati’on to insure freedom of lesponse, 
the expel inientei showed the child a number oi inieiesting toys and 
pictuie books as suggc^tcd bv McCaithv (8) After the fiist toy 
wm shown, every vcibal icsponse oi cxpiessivc vocalization was re¬ 
corded \cih.uim until 50 consecutive iChpoiibCi. weie secured The 
cliild was addiesbcd as little as possible during the obseivation since 
the aim svas to sccuic spontaneous responses A quantitative analysis 
was made of the individual recoids, ie, mean length of sentence, 
number of different words used, and the time lequiicd to secure 50 
responses 

The latiiig scale devised by h. R Marston (7) was used to 
secure a mcasuie of a tendency toward intioversion or extroversion 
Three trained students \vho had assisted legulailv at the nurseiy 
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school foi peiiods ot fiom 12 to 20 weeks, and the thiec membcis 
of the staff: the head teachei, the nuise, and the dietitian lated each 
child independent!}' on the 20 items m the scale. To insure uniform 
situations all the lateis observed each child in four different situa¬ 
tions as suggested b}' Maiston (7) (a) social resistance to the 

approaches of a stianger, (b) compliance with the expeiimcntei’s 
lequest to perfoiin a difficult task, (c) inteiest in a novel cnviion- 
menl, and (d) self-asscition in attempting to secuie a piefeiicd 
toy All childieii weie rated on one ti.iit only at a given time to 
avoid the influence of the “halo effect” in so fai as possible TJie 
coirelation of tlie individual lateis with the aveiagc of the lateis 
vaiicd fiom 0 86±: 04 to 0 94i: 01. 

Eveiy home was latcd on tlic Sims Scale foi Socio-Economic 
Status The case histones wcie amplified by thiee students who 
weic majoiing in sociology and enrolled foi a cuuisc in social 
case woik Fuithei data on home backgiound, maiital relation 
of parents, lelationship of parents to child, agicement between 
parents in child training, the numbei of childien in the family, the 
child’s position among his siblings and othci miscellaneous data wcic 
secured 

After the childicn had been in attendance at the nuisciv school 
fiom thiee to five months they weie classified into tliiee groups 
the well adjusted socially, the mcdiumly well adjusted, and the 
poojly adjusted Since theie is no general agreement among work¬ 
ers as to what constitutes social adjustment and since few norms 
for social behavior have been established for any age level, inves¬ 
tigators 111 the field aic confronted with many difficulties Conse¬ 
quently the working dclimtions winch Kawm established, aibitiaiilv, 
for hei study were utilized Kawm (5) states 

In the absence of any definite tiitena, as to what constitute 
problems of social adjustment, foi the purpose of this study a 
child Avas considered to picscnt sucli problems when, in the 
opinion of more than one adult in cbaige of bun, (paicnts, 
teachers. Infant Welfare Avoikers, and membeis of the staff 
of the institute) difficulties m enieimg into satisfacton lela- 
tionship with othci childien were consideied ch«ii ai teristic of 
the chdd ovei a peiiod of seveial weeks, months, or yeais A 
child who merely felt ill at ease dining the fiist week oi mo of 
a new school oi othei new gioiip expeiience, but then adjusted 
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satisfictiirih to oHiei (luldreii, was not included in tlic pioblein 
group Difliciilties m entering into satisfactory relntionship-. 
with tulicr Lhiltlrcn included a variety of belinvior reactions 
ranging from aggicssn enessi, piignaciousncss and persistent un¬ 
willingness 111 share lovs, to shyness, aloofness, and Indifference 

For the present sttidv the clas->ificatioii mto tliiee groups w.is 
bast'd on the ccJinposiie lesults secuicd hv the head teachei, the 
social Miiikci, a student assistant, and the SiUpervisoi who checked 
each child independeritlv on Kawin’s stAtemenb in regaicl to the 
child's social adjustaieiit I'lic iminatutity of social behavior of 
preschool cJiildrcii and age dtfteicnces in the stages of social adjust¬ 
ment m childien ranging in age from two to live veais as stiessed 
by BlatA, j\'lillich.imp, and Flctchei (2) weic kept in mind con¬ 
stantly in checking the children. 

Sample statciiicnts /loin Kawin (5) on which each ti pe of adjust¬ 
ment was based aie as follows. 

I Statements IradiMting Pool Social Adjiisinient 
I'lUf/itcnlly 01 Usually 

Is domineering, bossy, aggressive, rides rough shod ovei 
others Is not happy in school, Does not talk to othei 
childien or .adults 

II St.'itements Indicating Neither Poor Nor Good Social Ad- 
jii&liiient 

Plays neither cxciushely alone not freely with whole 
group Equally cooperative and uncoopcratise Some¬ 
what domineering and bossy Children merely .iccept 
her; ncitlici like nor dislike her 

III Statements Indicating Good Social Adjustment 
Uitially 

Is sociable, fiiendly, likes other children Gets on well, 
plays well with othei childien Enjoys school Cooper- 
.iles, ii’orks, plays nith others Good sense of fair play 

On the basis of such statements by the foui woikers concerning 
the children, only four of the 25 childien weie classified in Group J, 
the poorly adjusted gioup, 13 childien weie m Group Bj the 
mediuinlv Avell adjusted, and eight children in Group C, the well 
adjusted socially'. 'Fliere was marked agicement between the laters 
in, classifying the children Unanimity of opinion was obtained 
without difficulty aftei a discussion of the child in the few cases 
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wheie disagicements \\eie found The dat.\ weie tlicn (.ompiled fai 
each of the tliiee groups to facilitate coinpaiisons. While the data 
foi all studies, VIZ,, intelligence tests, language tC'.t, mtioveision- 
cxtioversion, 'locio-economic status of the home, ca^e liistoiies, etc, 
weic analyzed in great detail only a biief summary of some of the 
findings which may bcai some lelation to social adjustment aie dis¬ 
cussed in tins tepoit (Table 1) The gioiips were too small to 

TABLE 1 

A BRiEt Summary or the Resuits of Some oi the Sruons Cakrild on ai 
THE FcntRAE Emergency RpMEt Administration Nursrry Schooi 
C oNDuerro with thf Cooperaiion of aiic UNivrRSirY 
OI WYOMING, Laramip, VVyomino, 1934-35 


Group 

A 

B 

C 

I Sex Niimbci % 

Niimlici % 

Number % 

Boys 

3 75 

5 38 

1- 50 

Girh 

1 25 

H 62 

4 50 

Total 

4 100 

13 100 

8 100 

U Cluonological Age 




Range 

3-7 to 4-5 

2-3 to 4-5 

2-5 to 5-1 

Mean 

4-1 

3-3 

3-5 

III Mental Age 




Range 

3-6 to 4-6 

2-4 tn 5-8 

2-10 to 5-6 

Mean 

4-0 

3-4 

3-4 

IV Intelligence Quotient 




Range 

89 to 101 

87 to 131 

89 to 117 

Mean 

97 

J04 

104 

V Physical Condition Abo^c Aveiage 

Below Aveiage Average 

VI No of Children pei Family 

VII Introversion-Extroversion 

40 

32 

3 3 

Range 

31.2 to 91 6 

38 5 to 87 5 

40 3 to 83 3 

Mean 

63 3 

61 6 

647 

VIII Language Behavior 




Length of sentence in woid 

s 



Range 

0 to 4 5 

0 to 4 5 

1 3 to 6 0 

Mean 

26 

28 

3 2 

No of different woids used 




Range 

0 to 111 

0 to 106 

26 to 133 

Mean 

60S 

574 

621 

Time required (minutes) 




Range 

10 to 25 

4 to 23 

7 to 19 

Mean 

18 

9.8 

11 1 

IX Pobition atnoiife Siblings Number % 

Number % 

Numliei % 

Only 

1 25 

2 IS 

2 25 

Oldest 

0 0 

I 8 

0 0 

Middle* 

3 75 

4 31 

2 25 

Youngest 

0 0 

6 46 

4 50 
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I'ABLE 

1 (continued) 




A nRiEt Summary of the Rcsuits of 

Some of the Studies Carried on at 

TUF Fedfrm Emergency Reiicf 

Administration 

Nursery 

School 

Conducted wmi Tm 

Cooperation 

os Tiff 

UMYERSin 


01 Wyoming, Laramif, Wyoming, 1934-35 



Group 

A 

1 

B 

C 


Number 

y" 

Niimbci 

% Number 

% 

X Parentage 







Native born 

3 

75 

U 

S5 

8 

100 

Foreign litirn 

I 

25 

o 

15 

0 

0 

XI Age of Parents 







Motlicr 20 29 

0 

0 

10 

77 

3 

37 S 

30-39 

3 

75 

3 

23 

S 

62 5 

40-49 

1 

25 

0 

0 

0 

0 

Father 20-29 

0 

0 

+ 

31 

2 

25 

30-39 

2 

50 

7 

53 

4 

50 

40-49 

2 

SO 

1 

8 

2 

25 

50-59 

0 

0 

I 

8 

0 

0 

XIl Education of Paicnts** 







Mother Giadc school 

3 

75 

9 

69 

3 

37 5 

High school 

1 

25 

3 

23 

5 

62 5 

College 

0 

0 

1 

8 

0 

0 

Father Grade school 

+ 

100 

9 

69 

6 

75 

High school 

0 

0 

4 

31 

2 

25 

College 

0 

0 

0 

0 

0 

0 

XIII Socio-Economic Siattis 

H 5 


11 5 


113 


XfV Occiip/ition of Fathei 







I—Professions 

0 

0 

0 

0 

0 

0 

IT—Business 

0 

0 

0 

0 

0 

0 

III—Skilled Laborer's 

1 

25 

2 

15 

3 

37 5 

IV—Scini-skilled Laborers 2 

50 

4 

30 

3 

37 5 

V—Unskilled Laborers 

1 

25 

7 

54 

2 

25 

XV Marital Relationship of Parents 






Normal 

3 

75 

10 

77 

4 

50 

Brolvcrt Home 

1 

25 

3 

23 

4 

SO 

X\'I Agrcemciil of Parents 







on Child 'rraining 







Satisfaciorv 

1 

25 

6 

46 

8 

100 

Conflii-ting 

3 

75 

7 

54 

0 

0 

XVI[ Relationship of Father to Child 






Good 

2 

50 

2 

15 

3 

37.5 

Fair 

0 

0 

6 

46 

1 

12,5 

Poor 

2 

SO 

1 

R 

0 


No Father 

0 

0 

4 

30 

4 

50 0 

*A child IS designated as a '‘mfddle" 

' child 1 

f he occupied any 

intermediate 

position in a faniilv of three or 

more 






•‘Grade school education indicates merely that the 

parent did not 

go to 

school beyond the eighth gi ade Some patents completed on 

ily the 

1 fifth 

or the sixth grade Liketvise high school does not imply giaduation 

Most 

of these parents spent only one 

or tSYo years 

in high school 
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ju'^tifv dctcimining statistically the siginhcaiicc of tl-e cliftereiiccs 
found, oi to thaw any gciiciul conclusions as previously stared 
Howevei, the findings will be comp<iicd with those of Kawin and 
other studies Tilson gives no data on many of the items included 
in this study, consequently few compaiisons were possible with 
her findings 

The piesent study shows the highest percentage of bo\s in the 
problem gioup, Kawin found the thice groups to he about equal 
as to sex 

It IS interesting to note that the lowest mean IQ is found in the 
piobicm gioup which also agiees with the findings of Kawin and 
several other w'oikers Only foui childien in the entiic gioup tested 
above average (above 110) jn intelligence The thiee highest arc 
in Group li which is ncithei poorly nor well adjusted Holling- 
woilh (4) has sticsscd the difBculty that childicn who aie more m- 
tellmcnt Uian then gioup, encountci in iheii social lelationships 

The results of the intelligence tests tend to veiify another finding 
of Kawin and of most other psj'chologists who have tested picschool 
childicn, the tendency of the Stanford-Binet Scale to rate children 
too high at the cai\y age levels Although most of the children 
came fiom very inferior homes as lated by the Sims Scale, less than 
one-thiid of the children tested below 100 and only thiee below 90 
in intelligence While agiccing in a general way, the intelligence 
quotients on the Minnesota Picschool Tests were lower than those 
secured from the Stanford-Binet Scale for most of the cases tested 

The physical condition of the child was found not to be a signifi¬ 
cant factor witli these childien Kawin’s finding indicates a slight 
but lathci consistent tendency for the pioblem. group to be in 
poorer physical condition than cither of the other gioups Tlie 
problem group m tins study was a little above avciagc physically 
while the other two gioups were avciagc oi below' 'r.tken as a 
whole the gioups w’crc considcicd as vciy little below’ average for 
physical condition as rated by a local physician who examined each 
child before ho was eniolled 

A slightly larger number of childien pei family was found in the 
pooily adjusted group. Kawin found the thiee gioups to be about 
equal in this respect 

Marston consideis scores above 60 on the intiovcrsion-extroveision 
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sc.ile, winch are based upon the avciagc ratings of seveial competent 
jiuIkcs, as indicative of a tendency toward extroversion and a score 
below 50 as tending towaid the introverted type All thiee of the 
groups have a mean of the latings slightly above 60 Most studies 
of picschnol children liavc shown a tendenev toward the extioveited 
type Tlic mean rating is slightl 5 ' higlici for the well-fidjustecl 
gioup and tlie laiigc is laigei for the poorlv adjusted children as 
might well he expected. The tendency toward extroversion oi intio 
\ei8ion sias not investigated eithci bv Kawin oi Tilson 

The mean number of words pci sentence shows a slight inciease 
funn (Jioup /i to the well-adjusted group and the lange too is 
largci The innge and mean of the numbei of diffcient woids used 
IS gicatei also foi the well-adjusted group, and yet moie time was 
icquircd to elicit the responses fiom the pooily-adjustcd childien 
even though the mean chionological and mental ages wcic highei 
tlian In cither of the othci gioups. 

As found by Kawin neithci the only nor the youngest childicn 
picsciitcd mure piobicms than do othci cliildren In the picsent 
study botli the onlv and the youngest childien appear to be sligbtlv 
better adjusted Kawin found the largest percentage of oldest 
childien in the problem group and the Inigcst percentage of young¬ 
est among the well-adjusted childicn. 

Only three childicn came from homes of foieign paicntagc None 
of thc5e u’cre in the well-adjusted gioup Kawm found no significant 
tliffciences among the thiee groups in legnrd to the national origin 
of the fathers. 

lloth studies agice m finding the patents slightly older in tlic 
poorlv adjusted group. 

More mothers of the well-adjusted group had attended high school 
fiom one to foui ycais than in cither of the other gioups, howevci, 
the child of the one mothei who had a college degree was in Group 
B No differences wcic found with tegaid to the education of the 
fathers The laige niajoiity of the fatheis had completed only the 
eighth grade or less while a majority of the mothers had spent from 
one to four years in high school Kawiii's data are incomplete on 
this point, but no differences weic found between the groups foi 
the cases where such data wcie available in her study 

Since the subjects included in this investigation weie a veiy nai- 
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lowly selected group, drawn foi the most p.ut fiom homes of in- 
ferioi social status and fiom unskilled oi semi-skillcd lahoims, the 
data rvith legaid to the occupation of the fatheis and the Sims rating 
foi social status do not show significant diOcienccs Howevoi, the 
findings tend to agree with Kawm in that the luglicst occupational 
ratings are found in Group C 

The laigest percentage of well-adjusted childicn came fiom 
bioken homes, the lesult of divorce or desertion This fact is con- 
traiy to the findings of most studies One half of the well-adjusted 
children had nevei known their fathers or had known them for only 
a very shoit time at best Consequently, tlie figuics for the agree¬ 
ment of paients on child tiaimng and foi the relationship of the 
fathei to the child arc inadequate. Both Kawin and Tilson found 
these factois to be someivJi.-it .significant Some workcis have found 
that a broken home may be more conducive to wholesome adjust¬ 
ment than a home maikcd by dissension and tension. It is highly 
piobablc that such was the case with these childicn As a icsult 
of the unemployment and the stiaitcncd financial conditions of moat 
of the parents, few if any of the homes were normal Unusual emo¬ 
tional 3tic93 and many types of maladjustment chnractenzcd most of 
the homes. 

Most of the data sccuicd weic quite objective and the results wcie 
complied and the comparisons made on a numerical basis even though 
the numbers were coo small for statistical ticatment of the results 
Such factual data aie fairly dependable Some of the mfoimation, 
however, is relatively subjective and the dependability and reliability 
are low The findings mav well be questioned 

Kawm says, 

The social adjustment of a young child to other children 
outside lus own family does not appear to be so conspicuously 
related to any other single factor in the child's own make up oi 
envuonment that the one can be said to be the "cause” of the 
otliei What this study does indicate is that theic ore a gtoiip of 
factors which appear to be related to the ciuld’a social adjust¬ 
ment 

Such gioupings of factois are sometime called constellations, 
and this concept is comme to play an increasinglj important role 
in psychological explanations of behavior and personality Recent 
studies in this field tend moie and more to support the view¬ 
point that any particular manifestation of behavior or personal- 
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ilj IS not the result of anv single factor in the make up, 
environment, or e^peiience of an indiMcliial, but is rather a 
result of n ronstcllatioii of such factors ivhich, in cumbinatiuii 
with cath other, tend to pioduce the obseivcd icsiilts 

In discussing the uilluencc of cnvitoiiinciitnl fotces in development, 
Lewin states, “Particulai fcatuics of the cnviionmcnt are usuallv 
less inipoitaiit cfiati its total ihaiaciet in determining its cfiect on the 
child’s development” The conclusion leachcd bv Lois B Muiphy 
and Gaidnei I\Iurphy m summarising theii discussion of the le- 
spoiiscs of chilclren in bocial situations also stiesses the whole situa¬ 
tion ratlici th.iii individual stimuli They state, "Social psychologists, 
arc feeling then \\,\y towards a new foimulation of then pioblem, in 
which lc->s emphasis ivill be placed upon isolated stimuli and responses 
and mote upon functionally significant Avhole situations and upon 
the dynamics of the bchavini of whole oiganisms ” 

The present rather intensive study of a small gioup of childten 
tends to point to the same geiieial conclusions. No single factoi 
cither biologtcnl or enviionmental shows a maikcd relationship to 
the child’s social adjustment An evaluation of anj' one oi all of 
the objective factois which have inlluenccd the child is inadequate 
unless we know how these conditions have aftected his tpersonalitv 
and how they have affected the attitudes toward the problems of life 
which he had developed Peinicious influences do not always have 
a detrimental eftect, thej' may actually piove beneficial bv fosteiing 
more wholcsonic attitudes It would seem then that social adjust¬ 
ment is largely a mattci of integration, the lesiilt of the total situa¬ 
tion—the unity of elements Avhich has influenced the development 
of tlic child 
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A STUDY OF RACIAL DIFFERENCES IN EIDETIC 
IMAGERY OF PRESCHOOL CHILDREN'^ 

The Vnivetsity of Texas 


Leigh Peck and Amelia Barthlome Hodges 


The investigation to be reported ib an experimental study to dc- 
teimine the incidence of eidetic ability in white, Mexican, and 
Negro children fiom thiee to six years of age 

The picscnt study combines two major problems for investigation 
in the field of eidetic imagciy Tlie fiist problem is that of de¬ 
termining the fiequency and sticngth of eidetic ability in prescliool 
clnldien. The becond problem is concerned with a comparison of 
this eidctic incidence and quality m white, Mexican, and Negro 
preschool childien. 

Nature of Eidetic Phenomena 

Befoie going into the procedure of this study, an attempt will be 
made to define tlie eidetic phenomenon, and review the literatuie 
pertaining to the subject 

According to E. R Jaensch’s definition (10), eidetic images occupy 
an inteimediate position between sensations and images. They 
resemble after-images in the sense that they me literally seen; they 
lescmble memory images in the sense tliat they aic rich in detail 
and possess a ceitain degree of motility. The eidetic individual is 
able to project his image, which is peiccptual in charnctei The 
image appears just as real to him as if his senses were actually being 
externally stimulated. This subjective phenomenon may be found 
in the visual, auditory, tactile, and olfactoi v fields The present 
study IS concerned with visual images only 

Uibantschitscli (30) seems to have been the first to cairy on an 
experimental investigation of eidetic images In 1907 he published 
a book on optic “Anschauungsbildcr” in wliich he distinguished 
between the “ordinaiy visual mcmoiy image,” and the ‘‘perceptual 
memory image ” The latter is considered an eidetic image. 'I'lic 
most extensive studies in the field of visuaul eidetic imagery have 

*Received In the Editoiia! Office on January 23, 1937 
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been earned on bv E R Jaensch (10) and In*? students in the Mnr- 
Inirir Institute of Psyclmlogv. Kluvei (12) has reviewed the work 
of the Marburg school 

Jaensch and his students have concentrated their studies of ctdetic 
alnlity around its i elation to tj'pology T^teosch found that two 
types of images always appear with any group of individuals tested 
for eidetic ability. These types of images correspond, he believes, 
to relative constitutional t 3 'pes of personalities One type, which 
he terms the "T“ tvpe because, in an evaggerated form, the subject 
suJteis from tetany, lias eidetic images winch lesemble after-images. 
Eidetic images seciiieri by pcr«ons of the “T” tvpe aie usually diffi¬ 
cult to produce, compIemciUaiy m color and fiagmentaiv in appear¬ 
ance. The "IV’ tvpe of pcisonality, so termed, because, in its exag- 
geiatcd form, the subject h.is Ilascdow’soi Grave’s disease, experiences 
eidetic images winch nre rich in detail, positively coloied, and which 
appear as a whole Most cidetic images are a combination of some 
qualities from each type. Jacnscli points out that tlic ability to have 
cidctic images tends to disappeai with puberty, and that it is cliiefly 
<1 clnldhood phenomenon Jaensch credits children with the posses¬ 
sion of, what he terms, a “unitary type” of eidetic image m which 
niaiiv of the qualities of the after-image are to be found. 

Investigations with Youno Children 

The experimental literature pertaining to investigations of eidctic 
ability in very j'oung children is cxticmcly limited Roessler (27) 
examined children from six to ten years of age He seems to have 
been very successful in adapting the methods of Jaensch to the 
examination of the six-year-old child. On the whole, investigators 
gcnerallv accept Roessler’s six-ycar-old age level as the peak m fre¬ 
quency of eidetic ability Observations of cidetic ability in individual 
preschool childien have been repented Downev (6) reported the 
spontaneous cidetic imageiy of a four-ycar-oId boy Antipoff (3) 
observed eidetic ability m hci scvcn-j»ear-o\d son, Revesz (26) 
demonstrated that preschool children are highly capable of accurate 
observations in aftei-images Kicsow (33), and Gatti and Vacino 
(32) used six-vear-old children in their investigations with after¬ 
images 

Peck and Walling (23) have been the only expeiimenteis in the 
United States to report carrying on a systematic investigation of 
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eidetic ability with preschool children They examined 20 children 
from two to five-and-one-half veais of age in a preliininaiy study 
The study was designed to work out a technique adaptable for 
testing eidetic ability of picschool children, They tested tlie re¬ 
liability of the technique by noting the consistency with wluch the 
two parts of the test distinguished between the eidetic and tlie non- 
eidetic subjects, and by conelating the tanking of the eidetic sub¬ 
jects in the fiist test senes and their ranking in the second test senes. 
The strength of eidetic images may be determined by using either 
duration of time oi number of details as a criteiion Tiipp (29) 
suggests that a good criteiion for the true eidetic image is abundance 
and richness of detail, which in most cases fai exceed a memory 
image Peck and Walling used both duiation of images and number 
of details m lanking then subjects In testing for rclmbihty of tech¬ 
nique, they found latliei liigh correlations between these two methods 
of deteiraimng the strength of eidetic images They obtained a cor- 
1 elation of 95± 02 between these two methods in the hist test 
senes, and in the second test series they found a coriclation of 
88 ± 04 When number of details was used as the ciiterion for 
ranking the eidetic subjects, they obtained a conelation between the 
fiist test senes and the second of 75± 09 They also obtained a 
conelation of .48± 16 between the two test senes when duiation 
of images was used as a ciiterion They found that 50 per cent of 
tile 20 children icpoited eidetic images The same 10 subjects that 
rcpoited eidetic images m the first test sciies reported them m the 
second test The writers are indebted to this investigation for test¬ 
ing mateiials and technique Tlie technique used is based upon tliaC 
used by Jaensch (10), Kluvci (14), and Teasdale (28). 

Racial and National Difeerences 

Theie have been veiy few investigations in regaid to racial or 
national diffeiences in cidetic ability These few investigations have 
been carijcd on with cliildien above tlie picschool age level Kluver 
found no lacial diffeiences in studying the eidetic imagery of Italian, 
Jewish, and Negio school children in the United States (14). These 
results are contiaiy to what Jaensch expected Jaensch believes that 
racial differences exist. 

Meenes (20) tested 100 Negro school children He found 34 
per cent to be eidetic This is possibly a little higher percentage 
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than that of the winte clnldicn, which is generallv accepted as ap- 
proxim.Uelv 30 pei cent. O'Neill (22) found that 30 per cent of 
260 boy^s possessed some eidctic ability Brother Rogatus Kearney 
(11) examined 296 boys from 9 to 15 yeais of age. These boys 
svere of English, Geiman, Italian, Iitsli, and Polish paientage 
Fifty per cent of those ot German parentage, 45 per cent of those 
of English descent, 36 per cent of the Italian boys, 22 pei cent of 
the Ins!i, and 18 pei cent of the Polish boys weic found to be eidetic 

Summary of Litrrature 

Jacnsch was the first to raise the question of the existence of lacial 
differences in eidetic ability. The few expciimcnts which have been 
done in this field up to date have been cained on with adults or 
children above the picschool age level The icsults of these expeii- 
inents indicate some slight diftercncc among childicn of vaiiotis 
nationalities in the incidence of cidetic ability None of the expen- 
inentcrs in this field have studied the diffcienccs in charncteiistics of 
eidetic linages among the various laccs 

Purpose of Experiment 

'Flic purpose of the present experiment was to deteimine the inci¬ 
dence of eidetic abihtv in white, Mexican, and Ncgio picschool 
children. « More specifically, the purpose was to compare these three 
groups with regard to number of visual eidetic images, iichness of 
detail, and duration of images, using a technique adaptable to pre- 
school children. 

Subjects 

'^riie subjects U'^cd in this studv ucre 208 white children, 50 
Mexican cliildrcii, and 50 Negro children fiom thiee to six yeais 
of age. The 208 wliitc childien were mcmbeis of vaiious niirserv 
schools, imblic schools, and kindergartens, or wcie secured thiougli 
the activities of the Paient-Tcachei Association of Austin, Texas. 
A niimhci of the Mexican children wcic incmbeis of a picschool 
language class of Hicklci school, Austin, Texas The others weie 
brought to the school bv theii oldei biothcis and sisteis or through 
the activities of the P.nent-Tenchcr Asaociation. The Negio chil- 
dien were, for the most pait, members of a coloied Emergency 
Relief Nurserv School A few otiicis weie given the tests in their 
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homes All of the subjects, with the exception of ,\ small numbei 
of white children, wcie mcmbeis of the suinc locality, Austin, Texas 
A few white subjects weie secured fiom kinderg.utens at San An¬ 
tonio, l^cvas, and Houston, Texas 

Examiners 

Seveial gioups of exammeis were foimed to woik togethei to 
secuie the data used The examineis foi the white children in¬ 
cluded Di. Leigh Peck, Miss Rosemaiy Walling, Mis. Lois Brad- 
field, Miss Jennie Maiie Goodwin, Miss Faye Jackson, and Mi’s. 
Amelia Baithlomc Hodges. The examineis foi the Mexican sub¬ 
jects included Beatrice Arichiga, a young Mexican gnl, Mrs. Lois 
Braclfield, Miss Jennie h farie Goodwin, and Mrs Hodges The 
tliiee last named examineis also knew Spanish The testing of tlic 
Negio cliilclicn was done by Miss Faye Jackson and Mis. Hodges 

As suggested above, Di Leigh Peck and Miss Rosemaiy Walling 
worked out the technique foi testing which was used. The othui 
examineis, with the exception of the young Mexican gnl, were stu¬ 
dents in the Educational Psychology Dcpaitmont of the tJniveisiLv 
of Texas and were trained in the technique of testing by Or Pcclc 
and Miss Walling In preliminary piactice, Di Peck and Mias 
Walling supervised each group of exnmmeis in administering the 
tests Furthei reliability of the examiners was dcteimined by check¬ 
ing the record blanks seemed from this preliminary piactice to detci- 
mme uniformity m recording 

Procedure 

The subjects weic tested individually in a quiet eni'ironment In 
most cases the subjects weie seated at a low table m a familiar 
room witli medium daylight coming ovei the left shouldci In some 
instances, where the ev.iminers tested the childien at their homes, 
the porch was used so that the maximum amount of light might be 
seemed No head lest was used The child was seated in a com¬ 
fortable chair acioss the table fiom the examiner. The cxaminei 
held the stimulus pictines oi placed them on a i.ick about 15 inches 
from tire subject The iccoid keeper sat to the back or beside the 
child, and lecorded the subject’s responses The time was taken 
with T stop watch, and rccoided on tlie blank 
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Materjals 

The pictuics Used foj the eidetic testing weie all of the silhouette 
tvpe Silhouettes weie used, because, as Jacnsch has pointed out, 
they appeal more strong!)' to what he calls the “physiological com¬ 
ponent ” These silhouettes weic designed foi the study by Adis 
Alice Ward Nichols of the Ait Dcpaitinent of The Univeisity 
Juiiioi High School, Austin, Texas The silhouettes weie diawn 
on thiclc wliite di.uvmg caids 11x 7 inches The piojection screen 
of heavy dark gre^ paper was of the same dimcmions The stimulus 
pictuics included’ 

I 'lesisfoi nfter-images 

1 Red disc, two inches tn dinnicici wUU a Idack dot in the 
ccritei, lo lie fixated 20 seconds 

2 'Ino-and'one-hnlf inch bind silhouette of a bear with a 
white eve and black pupil, lo be fixated 20 seconds 

II I'csis for eidetic imngery 

1 IllacK siihoiiclte of n hoy holding a fish in one hnncl and 
n hshiiig pole in (he other, water, a bush with n inbbit behind 
It, gias4, and a tall tree with a bird on the lowest limb, to 
be e\aiiiincd without hxatinii for 30 seconds 

2 Silhouette in black, pink, and yellow of a iircos scene, 
in foregimind little girl holding pink balloon, little boy walk> 
mg with a circus whip in his hand, in the background bniioon 
innii with balloons standing by Ins sale booth, n (miner driving 
three elephants, white circus tent with three flags waving, n 
boy, and a pink circus wagon with two clowns beside it, to be 
esoiiuniil without fixation for 30 seconds 

3 Black silhaiielte of children going to school, in the foie- 
ground little girl nnd little hov walking^ one little hoy running, 

.1 little bov silling by n load sign waving Kis band, vn the back- 
Braiintl a little giil pulling a wagon with j child occiipnnt, a 
building, the scboaihoiise, childien playing, otic child swinging, 
a well and bucket, and some trees, to be examined without fixa¬ 
tion 30 seconds. 

All of the silhouettes appealed to the inteiests of pieschool childicii 
Directions to Subjects 

The children weie invited to the examination “to look at pictuies.” 
In some instances when tJie subject was not known to the examiner a 
short peiiod of plav or conveisation was engaged in befoie the 
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cxaminei began the test Befoie beginning the test the cxaminei 
attempted to explain to the child the possibility ol seeing things 
that weie not leally there Such a question as “Do you know that 
somctimet, we can see things that aie not icallv tlicic?—just think 
of them so hard that we see them^” would arouse the child’s interest, 
and give him an undeistanding of what was lequiied If the child’s 
answer was negative to the fiist question, the cxaminei continued, 

Maybe you could learn Wouldn’t that be fun? I am comff 
to show you a picture, and if you will look at it very hard, 
you can still see it aftei I take it away. Von can see it light 
here ((be exaintnet pointed to the projcclion scieen) if you 
will look at It very haul all the time I am showing it to jou 
It may be some othci color, but you will see jt 

The cxaminei placed the fiist pictuic foi testing foi aftci-images 
upon the stand, and said, 

Here IS a piccuie of a icd ball Look right at the dot m 
the middle of it Don’t look at anything else Just look hard 
at Che dot as long ns I show you the picture 

(The stimulus pictuie ivas icmoved aftci 20 seconds) The ex¬ 
aminer asked, 

Now can you sec anything? What do you sec? What coloi 
IS u? Can you put >0111 finger on it^ Is it as laige as the one 
I showed you? 1$ it laiger or smaller or the same size? Can 
you {(in youi finger mound the edgt nnd show me hnw big 
1 C IS? Is It still thcic or is it gone? 

The last question was asked ficqucntlv and was, in piactice, in- 
tcipolated lepeatedlv between the othci questions The child^s 
expression and attitude weie closelv uatched to note whether he 
ically appealed to be looking at something externally projected 

If tile cliild failed to expeiicncc an aftei-imagc, the cMiminei 
demonstiated tlie technique of fixation, saving, 

If you look hard enough, you’ll still see the pictiiii, after I 
take It away. You have to look light at k all the time I’m 
showing it to you See how I do I look right at the dot in 
the middle 

Before the second aftei-imagc stimulus wa'i piesentcd, the ex¬ 
aminer said, 
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Now I am going to show you tlic picture of a beai, a big 
black bear If \ou look at it hard, >ou can still sec it aftei I 
take It away It may iiot be black, it may be some other coloi, 
but yon will sec it right there. Look at it haid, and don’t look 
at anything else Look right at the beai’s eye {The sliiitnlns 
puliiic ivfis tcmcvid) Can you sec anything now? What do 
you sec? What coloi is it? Where is his nose? Wheie la his 
tail? {Tficliilln two <jueslioTis helped in dctei mining ibe size.) 

Is it still tlicie, 01 IS it gone? 

Short rest periods were given between pictures Befoie beginning 
tlic testing for the eidetic imagery, the examiner explained to the 
child, 

Tlicre will he lots of things to see in the next pictiue Look 
at all (he things in it Look around at eveiytliing in the piC' 
turc ( liter the stimulus picture nvas teiiioved, the c^avnnei 
asked), Do you sec nnvlhliig? Wlint do you see? {Other 
questions were asked ns the ihifd's ansnucis suggested, for ex^ 
iiinple), What docs the little bov have in his othci liand? Wlint 
18 the bird doing? What else do you see? Do you still see 
somcthingi or Is it gone? 

If the subject did not leport an image immediately after the re¬ 
moval of the stimulus-pictULC, he was told, “Keep looking You 
might sec something in a moment.” Some indtviduRls do not ex- 
pciicncc an image immediately after the removal of the stimulus 
The short time between the leinoval of the stimulus and the appear¬ 
ance of the image may be termed a “latent peiiod ” 

Records 

The time-Iccepei lecoidcd everything the subject said on a record 
blank, as well as the duialion of the image in seconds, the size of 
the image, and colors The individual record blank used was one 
worked out bv Miss Rosemary Walling This blank was designed 
for the purpose of uniformity in lecoiding, and greatly facilitated 
tabulating the results. 

There is a separate space on the lecoid blank for lecoiding the 
time, divided into time for (a) the total duration of the image, 
(b) the latent period, rf any, between the exposure of the stimulus 
and the appeal ance of the image, and (c) the period of time during 
which the image appealed and disappeared, in the case of an inter- 
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mittent image. The duiation of an image was the time elapsing 
between the subject's, fiist report of an image ami his leport of its 
disappeaiance. A few subjects having images after a latent period 
wcie found in each racial gioup Such cases weie recoidcd by timing 
tile subject from the time the stimulus-picture was removed until 
he expeiienced an image, and then again until the image disappeared 
Only one strong case of an intermittent image was found. One little 
iiegio gill would exclaim, “Now the lahhit is hcie Now it’s gone ” 
(/Jfiei a second at truo ) “There it is again.” In cases of intci- 
mittent images, the total numhei of seconds weie recorded. For 
example, if the child'i first image lasted 15 seconds, tlic reappeaiancc 
lasted 12 seconds, and the thud leappcarance lasted 10 seconds, the 
time-keeper would lecord 37 seconds beside the space marked intci- 
mittent on the recoid blank. 

The subject was credited with having an eidetic image only jf 
details could be pointed out Whcnevci a subject repoited, “I see 
a led line” or “I sec some black spots,” for example, these were not 
counted as images. In tabulating the number of details from the 
record blanks, the investigators counted as details (ff) objects, (it) 
colois, (c) relationships, {d) action, and (e) descriptive woids and 
phrases 

Results 

Aftei-Imeiffes Table 1 gives a summaiy of the data concerning 

TABLE 1 

Summary or Dapa Comcfrninc ArrtR-lM.vcPS 

Duration Initial coloring 

Nnmbcr of (Seconds) {PercentnRo of imagos) 

aftei- Average Pom- Nega- Achro- Otlici 


Gioup 

images 

Range 

for A I 

live 

live 

matlc 

colors 

White (208) 

337 

5-430 

38 3± 715 

3+ 

38 

11 

17 

Mexican (50) 

95 

5-150 

44 1± 5 64 

SO 

38 

6 

fi 

Necro (50) 

99 

5-360 

8+9*11.85 

58 5 

32 3 

5 1 

4 1 


the total duration and coloring of the aftcr-unages of the thiee racial 
groups The average duiation is much highci among the Negro sub¬ 
jects than among the other two gioups The white subjects have the 
lowest avciage duration. The data as to the coloiing of the images 
is affected by tlie possibility that many of the three- and four- 
yeai-old subjects did not know the names of the coiojs. In many 




150 


JOURNAI OF OENEflC PSYCHOLOGY 


C.ISCS the investiKHtoi named the colois with the ciiildien before be¬ 
ginning the testing The highest percentage of positive coloring rs 
found among tire Negro children The Mexican subjects rank 
next as to positive coloiing The white subjects have a liighei per¬ 
centage of negative after-images than positive ones, but a much lighter 
percentage of otlier colois are reported hv them than me leported by 
either of the other two groups. If, as Jaensch (10) suggests, voung 
children tend toward the "unrtaiv type" with erdetre images and 
after-images closely related to each other, then these results indicate 
that between 50 and 60 pci cent of the after-images in each of these 
thicc racial gioups were not true after-images but really eidetic 
images 

Eidetic Images 

Figure I shows the peiccntage of cidetikcis among white, Mexican 
and Negro subjects at the various age levels The highest per¬ 
centage of cidccikcis is found at the four-year age level among the 
white and Mexican subjects Among the Negro subjects the high- 
e t percentage of eidctikcrs is found at the five-vear age level 
In each racial gioup the percentage of cidctikeis at the three-year 
age level is nearly the same as that at the six-year age level, this 
percentage is exactly the same with the Negio subjects Fifty-four 
per cent of the Mexican, 84 pci cent of the Negro, and 50 9 per 
cent of the white subjects reported eidetic images. 

Tabic 2 IS a summary of the duration, number of details, and 
coloring of the eidetic images among the three racial groups The 
Nc'gio cidetikers lea<l both in average duration and average number 
of details The Mexican subjects are next as to the average dura¬ 
tion, but the white subjects lead them m the avciage numbei of 
details reported The coloring of the cidetrc images almost runs 
parallel to the roloiing of the aftei-images in each of the three 
gioups. Tile Mexican subjects lend in percentage of positive coloiing 
with 84 per cent The Negro subjects have the highest percentage 
of negative coloring A low 33 per cent of positive coloring among 
the white subjects is balanced somewhat bv the high percentage of 
other colors, achromatic, and mixed colors In those cases where 
no colors are reported the subjects possibly saw a color but would 
not report it, or in their eagerness to desciibc details failed to mention 
color 
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Comparison of the PcRcrNrAOB op Wiiirc, NtcRo, and MrxiCAN Eidetlrers 
AT Dm CRCNT AgB LFVEI S 

Xablc 3 is a compaiison of the quality of eidetic im{i 5 c«, umoni; 
Mexican, Negio, and white childicn at difteicnt age levch This 
tabic gives the aveiage cluiation, and the aveiage numbei of details 
of the combined eidetic image*? at the diftcrent age levels The sum 
of the aveiage durations foi each of the thice stimulus pictuics, 
divided by three, shows the avciiige time of one eidetic image When 
average duration is used as a cntciion for dctciiniuing the strength 
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TABLE J 

Comparison or the Quality or Eidetic Images Among Wiiitc, Mexican, 



AND 

Negro 

Children 

Af Different Age Levli-s 



A 

Average duiation for one eidetic image 



Age 


White 

Mexican 

Negro 



(j yrs 


80 7 

113 7 

120 3 



S yis. 


78 7 

89 2 

133 9 



4 yis 


64 3 

82 2 

101 6 



3 yis, 


67 3 

80 2 

95 2 



B, Aver.see 

niimbei of 

details for one cidctic 

image 



Age 


White 

Mexican 

Negio 



6 yrs 


9.7 

8 

IS 6 



5 yis 


96 

71 

9 5 



4 yrs 


77 

47 

9 



3 yj s 


52 

+.5 

7 9 



of eidetic ability, the lowest avcragcb are at the thicc-ycar age levels 
toi the Mexican and Negro subjects, and at the four-year level for 
the white subjects The highest avciagc duiation is found at the 
five-ycai level foi the Negio subjects, and at the six-yeni level 
foi the -white and Mexican subjects. 

The Negio subjects lead in the average number of details at every 
age level except at the five-year level, and at that level they have 
almost the same aveiagcs as the white subjectb The highest number 
of details is found at the six-year age level with all gioups The 
lowest aveiage numbci of details is found at the thiee-year level 
with all gioups. This low aveiage at the thrcc-yeai level is probably 
due to tlie small vocabulary of the thrce-yeai-old child 

Tabic 4 IS a comparison of the white, Mexican, and Negio sub¬ 
jects with legard to incidence and quality of after-images and eidetic 
images The Negro and Mexican gioups arc liiglier in pciccntagc 
of after-images and cidctic images repoited tlian are the group of 
white subjects The Negio subjects have a much highci per¬ 
centage of eidetic ability than the other gioups Eoth Negio and 
Mexican subjects lepoit a highei aveiage numbci of positively 
coloicd afte.i-images and eidetic images tlian do the white subjectb 

iNDimUAL Differencps 

Subject 8 among the six-year-old white subjects is an outstanding 
eidetikei This subject’s total duiation for the three Kuletlc images 
was 2,471 seconds oi neaily 42 minutes The image of longest 
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duintion was secured fjom the second stimulus picture, which was 
,i silhouette in colois of ti circus scene The total duration foi 
this image was 1,104 seconds with 64 accuiatc details reported. 

Subject 31, a foui-year-old Mexican child is an outstanding 
eidetikcr m that gioup, but he does not approach Subject 8 of the 
white group either in duration or in number of details Tins sub¬ 
ject also had an culetic image of longer duiation from the second 
stimulus pictuie than from the other two pictuics This second 
image lasted 350 seconds His fiist image lasted 237 seconds with 
14 accurate details reported, compared to 13 details leported in the 
second image, 

Subject 42 among the Negro subjects is one of tlie strongest 
eidetikers in any of the lacial groups at the t)uce-vcar age level. His 
first two images lasted 240 seconds, and 260 seconds, respectively. 
He rcpoited 22 accurate details, fiom the first image and 27 from 
tile second image His third cidetic image lasted only 120 seconds 
with 10 accuiate details reported. Possibly he became fatigued 
during the last image 

Age Differences 

The low average of number of details leportcd m all of the groups 
at the three-year age level is piobably due to the inattentiveness of 
the thrce-yeai-old child The attention span at that age level 's 
considerably shortei chan with older preschool children The thiee- 
>ear-old child’s vocabulary is somewhat limited also. Greater rich¬ 
ness of detail of tlie images at the six-ycai level in ail three laces is 
piobably due to the si\-yeai-old child’s having a somewhat laiger 
vocabulary than the children at lowoi age levels There is not so 
gieat a pioportional diflfcicncc as to aveiage duration of images 
among the six-year-oId subjects. There is a tendency foi aveiage 
duration to lengthen with each succeeding age, beginning with the 
three-year level, with an exception in the case of the four-veat-old 
white subjects 

Racial Differences 

The Mexican subjects had a lower average of details at every age 
level than the othci two groups There is a possibility that a 
language difficulty was encountered in the testing situation Al¬ 
though the investigator and the lecorder talked to the non-lilngiish 
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speaking children ii\ Spanish, they seemed reserved .ibout replying 
in theii native tongue. Many times they wcie obseived to stare at 
the pjojection sciccn, and when asked what they saw» their only 
reply would be, "It’s gone.*’ 

'I'hc Negio subjects not only had more eidetic images tlian the 
other two groups, but thev also led in average durcation at every age 
level They led again in the average number of details leported at 
every age level eveept at the fivc-ycai level where they reported 
nearly tlie same number of details as the white subjects. 

There was a decided difference in the icactions to the testing 
situation among the thiec laccs. The Negro subjects were able to 
fixate for the after-images and concentrate for the eidetic images 
better than the other gioups at all age levels The Mexican sub¬ 
jects weie somewhat nervous and ill at ease. This last statement 
was particularly true of the youiigci subjects. The white subject’s 
attitude toward the testing situation might be dcsciibed as highly 
expectant. On tlie whole, all of the subjects weie very coopera¬ 
tive, and their responses showed that the technique was one which 
fitted the understanding and interest of preschool children. 

As determined by the critical ratio of the sigma diffeiences, theie 
IS no reliable difference between the average duiation of an aftei- 
image among the white children and that among the Mexican chil 
dren (Table 5) Tlicre is no reliable diffeience m the average 
duiation of an aftci-image between the whites and Negroes, nor 
between the Mexicans and Negiocs. 

There is no reliable difference between the whites and the Mexi¬ 
cans nor between the Negroes and the Mexicans concerning the 
nveingc duration of an eidetic image (Table 5) The critical ratio 
of the sigma differences between the white and the Ncgio children in 
the average duration of an cidctic image is 5.08, showing the differ¬ 
ence between tliosc groups to be a highly reliable one 

As regards tlic avci.igc mimbci of details reported for an eidetic 
image, the diffeience between the whites and the Mexicans is not 
entirely reliable, thcic me 989 chances m 1000 that the whites ex¬ 
ceed the Mexicans.. There is a reliable difference between the 
whites and the Negroes with a critical latio of 3 59. The critical 
latio of the sigma diffeiences between the Mexicans and the Negroes 
IS 5.87. The indications arc that the Negroes would always lead 
the other two groups, both m duration of eidetic images and m 
number of details 
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Summary and Conclusions 

The present stiiclv is an investigation of the incidence and quality 
of visual eidctic images among white, Negio, and Mexican preschool 
subjects The puipose of llhis study was to compare these thicc 
racial groups as to incidence and quality of visual eidetic images, 
thereby clctcimining the existence oi non-existence of lacial diffei- 
enecs in cideiic ability The need foi the present study was ap¬ 
parent as no study had been made of racial diffeiences with pieschool 
children 

Two hundred eight white children, 50 Negio children, and 50 
iSleMcan cliiUlren were examined for after-images and visual eidetic 
images The technique used had been adapted to examining pie- 
school chilcheii in a preliminary study by Peck and Walling. 

Two tests were given for after-images, and three stimulus sil¬ 
houette pictures were used in testing for eidetic images Eighty-six 
per cent of the white childien, 92 pci cent of the Mexican childien, 
cind lOQ pci* cent of the Negro sub 3 ccts repoited after-images Posi¬ 
tive after-iinngcb predominated among the Mexican and Negro 
groups Negative images vveic slightly more frequent than positive 
ones among the white children, but the childien repoited a highci 
percentage of acliromatic and otlier colois than the other two groups. 

Fiftv-foui per cent of the Mexican subjects, 84 pci cent of the 
Negro subjeetto, and 50 9 per cent of the vvhite subjects leportcd 
eidetic images Tlic percentage foi the white childien agreed with 
the findings of Peck and Walling in their pieliniinary study using 
20 picschoal subjects (23). Considciable age differences in evdctic 
ability were found. The highest percentage of ciclctikers among the 
i^Iexiciin childien was found among the foui-ycai-olds, 81 7 pei 
cent of whom were eidetic. The incidence of eidetic ability was aho 
highest at the fmir-yedt level for the white subjects, with 60 pci 
cent at that level leporting eidetic images In the case of the Ncgio 
subjects, the highest eidetic ability was found at the five-yeai level, 
with 92.8 pel cent leporting eidetic images In all three lacial 
groups the percentage of eidctikers at the three-year age level w.is 
approximately the same as that found at the six-year level 

The three lacial groups wcie compaied as to quality of eidetic 
images The majority of eidetic images were positive in the Mexican 
and Negro groups There were more negative than positive images 
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among the white subject*?, but that group Imd moie other colors, 
achromatic, and mixed colois than the othei two groups 
The Negro subjects ranked liighest as to duration of images at 
all age levels They lanked highest as to the average number of 
details at eveiy age level except at the five-year level where they had 
nearly the same average as the white subjects. The white subjects 
ranked next to the Negro group in average number of details at 
every age level except the five-year level wheie they slightly exceeded 
them, The Mexican subjects ranked next to the Negro group in 
duration of images at ever^* age level. 

The lesUlts indicate the existence of racial differences in eidetic 
ability of prescliool clnldien The fact that the Ncgio group not 
only led in peicentage of eidetic images, but also led tlie other 
groups in richness of detail and duration of images, indicates that 
they possess a higher eidetic ability than the w'hitc and Mexican 
children. The findings of this study indicate that the Mexican chil¬ 
dren possess a slightly higher eidetic ability than the white children 
Wlietliei Negro children above the preschool age level would lead 
the other two races m eidetic ability is an interesting study for future 
investigation 
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EXPERIMENTS IN REPETITION AND RECALL* 

Medical College of Yotk University, and Bellevue Hospital 


Frank J. Curran, M D , and Paul Schilder, M D 


Part I 

We have studied the pioblcm of memory by what wc think is a 
new method We read a short story to oui subjects and ordered 
them to lepeat the story again and again until tlicy were exhausted 
and lefused to continue 

This technique was suggested by the expeiiments of Anitra Karsten 
on psychic satuiation, such expeiiments having been previously sug¬ 
gested by Lewin A similar technique has been used by I-Ioppe on 
suckling babies and by Freund in menstiuating women Karsten 
diiected her subjects to draw fence pickets on sheets of paper until 
they lost all desire to continue the work The qualitative analysis 
revealed the following features 

At the beginning, the side of a page constitutes a unit of 
effort Later a dissolution of the original condgurntion occurs, 
variability in performance being prominent in the ffnnl stages 
Concurrently, errors and loss in quality appear and eventually 
the task loses its meaning. The work not only becomes dis¬ 
orderly and loosely connected, devoid of definite boundaries 
and termini, but bieaks up into little independent fragments 
A larger whole has disintegrated. 

Although Karsten has also used moie complicated patterns, the 
task demanded from the individual icmains simple Furthermore 
no pioblem of memoiy was involved, since tlie individuals liad a 
pattern before them and the pattern was so simple tliat it was not 
liable to be foigolteii Our own experiments deal less with the 
problem of exhaustion than with the pioblcm of ictention and recall 
We wcie interested to leain which parts of a stoiy would appeal 
when lepeated recall is demanded after one exposition 

Attci various stoiics bad been tiied out, we used for tlie main pait 
of our investigations the following story 

‘Received in the Editorial Office on January 27, 1937 
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Olaf Nclson-died hcie-lo-day-of burns suffered-whcn a 
match igrltcd-hi'! fiiass skirt-in n hula dance cotnedy-during 
the American Legton-convention-District Attorney-Brown-an- 
noiijiccd-that he would file-manslaughter chnrges-against Mr 
Mooic-Mooic-lightccl-a cigarette-and tossed away the match,- 
Brown intcrvicvved-hfteen witnesses-who said Mooie-delibcr- 
ntcly tosbcd-the match to Nelson’s costume 

This storv which, as the hyphens indicate, consists of twenty-four 
Items was read slowly and aloud to the subject once. The subject 
was instructed to listen carefully and to lepcat the story as often 
as he could He was told “We want to sec how often you can 
repeat the story before getting exhausted ” Wc used 21 subjects. 
They weie cither medical students or student nuises or patients 
who had come to tlie hospital in the state of acute excitement oi 
intoxication but wlio were noimal at the tune when the test was 
taken One case of oiganic memory disturbance, one Koisalcoff case, 
and one Schizophrenic case were used for comparison We did not 
study merely the results fioin a qualitative point of view but we 
checked, in every repetition, whether each of the 24 items weie 
(rt) correct, (I/) changed, (c) absent oi (^) whether other items 
were added After we had finished the qualitative survey we were 
able to use a more elaborate scheme for tabulation which has been 
applied for the woiking through of seven piotocols In two of the 
normal cases and in the KoisafcofF case both methods weie applied 
'I'he following scheme was used* 

I Number of words of the story 
<7 In the original story 
i, In last repetition 
c. In present rcpoit 
II. Numbet of added words 
n. To original story 
Ir To last repetition 
III Number of omilted words 
fl Fioni origmni slory 
1/ From last repetition 
IV. Phr.isc substiluted by similar phrase 
V. Phrase added to story 

VI Added phrase eTpressing merely altitude of subject 
n Impatience 
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// Disgust, uncertainty 
c Jokes 
d RebelUoo. 

e Gabby or talkative attitude. 

Vn Substitution of word which is a synonym (yf) oi is 
similar (fl) 

Vni Substitution of a word which has n more general 
meaning 

IX Substitution by a more specific word, 

X Substitution by a more common word 
XI Substitution by a less common word 
XII Perseveiation 

XIII Emotionally strongei 

XIV Emotionally lighter 
XV Deprecation 

XVI Colloquialism (vulgauty) 

XVII By a more moral word 
XVIII Substitution by a less moral word 

XIX Newly added words which do not substitute utbci 
words 

<7 Change in individual names 
XX Items omitted 
XXI Perseveration of mistakes 
a In individual names 
XXII Correction of tntstakes 

a In individual names 

XXIII Reappearance of omitted words. 

XXIV Reappearance of omitted sentences 

XXV Changes m the place (location) of a word aiiic- 
position ( A ), post-position (R) 

XXVI Reversal between two items 

When a change fell into two categories, the more impoitant one 
was tabulated. The title of the stoiy was read to the subject but 
no reproduction of this was asked. 

We pioceed in reproducing one of our piotocols taken from a 
healthy young 20-ycar-ol(l woman. Eve Sch. 

I'irst trial Ol.if Nelson died today because of serious injuiies 
he leceived when lus costume was set afire It was during n 
hula dance comedy given by some convention that a Mr Moore 
lighted a cigarette, and thiew the mntch away The D A 
interviewed about 15 people who said that Mr, Moore purposely 
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ihrcw ilic match at Mr OlaPs gln^s skirt, Mr Nelson’s giass 
skirt The D A is bringing some chaigc against him 

Second Irinl A Mr. Olaf Nelson died last night from serious 
injuries wliich he received when his grass skirt cfiiight afire 
at a liiila dance comedy given by sonic big convention The 
D.A (questioned the guests and about 15 of tliem said that a 
Mr Moort had deliberately thiown a match at Mr Nelson’s 
grass skirt after Mr Moore had lighted a cigarette Charges 
nre to be brought against Mr Moore 

rinrd trial A Mi Olaf Nelson died i.ist night fiom seiious 
injuries (pause) after (pause) hU grass skiit which he was 
wearing caught afire (I know the story, but I just don’t feel 
good that's why I'm hesitating I’ve served six days here and 
I want to go liomc, I came here voluntai ily.) The D A. inter¬ 
viewed the guests and 15 of them said that a Mr Moore dc- 
liberotely threw a match at Mr Nelson’s grass akut This 
all took place at n hula dance comedy given by some conven¬ 
tion Chaigcs nre to be brought against Mr Moore 

Fourth in<jt A Mr Olof Nelson died fiom serious injuries 
received when the grass skirt w’hich he was wearing caught 
afire The DA. interviewed the guests and 15 of them gave the 
same story 'they said that a Mr Moore, who had thrown the 
match, aftci lighting a cigarette had thiown it purposely at 
Mr Nelson’s grass skirt This all took place at n party, at 
a hula dance comedy given by a convention So charges ate 
to be brought against Mr Moote. (Speaks slowly with long 
pauses) 

FrftJi inn! Again? A big Swede (jocularly)—a Mi OInf 
Nelson—died Inst night from serious injuries received when his 
grass skirt which he was wearing, caught afire. Fifteen of 
the guests told the D A that a Mr Moore dcliber.ately threw 
a match at Mr Nelson’s grass skirt Chaiges are to be made 
against Mr. Moore This all occurred at a hula dance comedy 
given by some convention That's all 

Si\th trial A Mi Olaf Nelson died last night from serious 
Injuries which he received when his grass skirt which he was 
wearing caught atiie The DA questioned the guests and 
1+ of tlicm said that a Mr Moore thiew the match deliberately 
at Mr Nelson’s grass skiit Cliaiges are to be made against 
Mr Moore This all occurred-the accident occiirred-bccause 
it miglit liave been an ac;cident-at a hula dance-comedy given 
by some convention That’s all 

Sevenih (rial A Mr OInf Nelson died Inst fiom serious 
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injuiics received when the costume which he wns wearing 
caught afire The guests told the D A that a Mi Moore 
deJibcrnteJT threw a oiafch at Mr. Ofaf’s grass akrrt Charges 
aie to be made against Mr Mooic The accident occurred 
dining a hiilo-comedy given by some convention 

Eighth tnal. Enjoy yourself I don't care. Write fiom now 
to doomsday I’m getting a little bit nuts from this Maybe 
they’ie trying to make a mental case of me even though I’m 
not one But I'm getting a kick out of it just as much «is 

thev aie—A Jew named Freedman is a darned pest always 
giving me tests (good humoredly) A man-a Mr Olaf Nelson 
died last night from injuries received when the costume he was 
wearing—15 of the guests told the DA that a Mi. Moore 
deliberately threw a match at Mr Nelson’s costume The 
charges aic being brought up against Mr Moore This—the 
accident occurred in the midet of a hula dance comedy given 
by some convention That's all Satisficd-yet? 

Ninth trial' A Mr Olnf Nelson died recently from severe 
burns after his costume caught &/lre by a match thrown care" 
lessly in his diiection The guests told the D>A that n Mr. 
Mooic tliiew the match purposely towards Mi—Mr Nel¬ 
son's costume. Serious charges are being served to Mi Moore 
The accident occurred while a hula dance comedy was going 
on .It some convention That's all 

Tenth intjl A Mr Olnf Nelson died last night from serious 
injuries received when Ins costume cmigbt afire The guests 
told the D A that a Mr Mooie threw a match purposely at 
Ml Nelson’s costume Serious charges are being brought up 
ngainst Mr Moore This all occurred .Tt a hula dance comedy 
given by some convention, 

Eleventh tiial (She goes to window) A Mr Olaf Nelson, 
died iccently fiom serious burns which he received when his 
costume caught ahic The guests told the DA, that a Mi 
Mooie threw the match purposely at Mr Nelson’s costume 
Serious chaiges are being rn.sde against Mr Moore The 
accident occuued during a hula dance comedy given bv some 
convention, 'S all 

Tvjciflh ft ml A Mr Olaf Nelson died recently from serious 
liiuns which he leceivect when his costume caught afire The 
guests told the D A that a Mr Moore purposely threw a match 
at Ml Nelson’s costume Serious charges are being made 
against Mi Mooie The accident occurred during a hula 
dance gi\en by some convention 
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Thiriecnth trial The next day the patient lepeated in the 
following waj—Mr, Olaf Nelson died I will draw you a 
pictore iTiatead (Patient draws now the head of a woman 
and refused to go on with the Nelson story) 

The qualitative analysis can be summarized as follows* 

Fust liial Patient uses “set afire” foi “ignited” Forgets what 
convention was mentioned Repeats “about fifteen” and calls them 
“people” instead of “witnesses.” Says that match was “thrown at” 
skirt Instead of “touched to” it, and icfcis to the victim as “Mi 
Olaf” (first name) instead of “Mr Nelson ” Cannot remembei 
specific charges being filed Uses “charge” (siiigulai) instead of 
plural and speaks of them as being “brought” instead of “filed ” 
Says “serious injuries” foi “burns’* and “purposely” for “dclibeiatcly ” 
Secotul tiid' Calls Nelson “A Mr —” Says died “Inst night” 
instead cf “todav.” Coricctly uses “delibeintoly” instead of “pui- 
posely.” Calls witnesses “guests.” Remembers to bung in the 
cigaictte, Otherwise repeats previous mistakes Changes previous 
“set afire” to “caught afire.” 

Third iital' M.iikecl delays and resistance Brings in “which 
he was w-eanng” Corrects “about fifteen” to “fifteen” Died 
“last night” instead of today (peiscveration) Forgets to mention 
cigarette Still says “guests” for “witnesses” Repeats “caught 
afire.” 

Fouitb iital Reverts to “puiposely" Elaboiates. “interviewed 
the guests and 15 of them gave the same story” Sentence struc¬ 
ture becomes involved Lapses* "This all took place at a party” 
and then corrects herself saying, “at a hula dance comedy ” Col¬ 
loquialism* “So”— Omits time of death entirely. 

Fifth tnal- Staits jocularly, “A big Swede, a Mr. Olaf Nelson.” 
Perseveration: “Fifteen of the guests instead of “fifteen guests” (as 
previously) or “fifteen witnesses” (coiiect veision). Omits ciga¬ 
rette. Closes with “That’s all.” 

Snih tiial. Corrects self on inconsequential point, changing 
“caused by” to “which he received when—” DA, “questioned” 
Instc.'sd of “interviewed.” Superego scrupulosity—“This all oc- 
ciirred-the accident occurred-because it might have been an acci¬ 
dent— 

Seventh trial' Peiseverations. “guests”, “deliberately”; “acci- 
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dent" and “seiious in)uiies" Refers to "Mi Olafs" instead of 
"Mr Olaf Nelson’s grass skiit.” 

Eighth tiial Patient starts with a good many good humoied 
observations of a subjective nature, including leference to the testei 
"A man-a Mr Olaf Nelson.*’ Forgets to finish sentence with veib 
for catching fire Variation. “The charges are being brought up 
against Mr Mooie.” "This-the accident occurred ” Ends 
with "Satisfied yet ” "Injuries" used without "serious" 

Nw/i/f inal Uses "died recently" foi "dictl last night” (coricct 
form "died today"). Variation "by a match thrown carelessly in 
his diiection ” "The guests told DA. a Mr. Mooie threw the 
match purposely towards Mr—Mi Nelson's costume " “Serious 
charges are being" seived to “Mr M.” "The accident ” Num- 
bei of "guests" is omitted "Severe bums” for "burns" 

Tenth trial. "Recently” is changed back to "last night ” Numbcj 
of "guests" is omitted. "This all occurred during . " Terse. 

"Serious injuries" replaces “severe burns” again 

Eleventh iiial She goes to window "Recentlv" foi "last night." 
"Sciious burns” replaces "serious Injuiies" " . a Mr Moore." 
"Set inus charges are being made. . ."The accident occurred ” 
Ends witli " ’S all.” Number of “guests” omitted. Terse. 

Tuielftli Uiab “Serious bums” repeated Number of "guc^ts" 
omitted Terse. Last three versions are almost identical. 

Thuteenih tital "Mr Olaf Nelson died—I’ll draw you a pic* 
ture instead ” (Draws a profile of a girl with cuils lesting on 
shouldei ) "Is diat Mr. Nelson?” 

The repetition on the next day shows meiely the enormous le- 
sistance which has developed in the patient and persists up to the next 
day 

We have tabulated the results with our two metliods, whicli wc 
lUustiate in the two adjoining tables (Tables 1 and 2) 

Explanation of the Table 

The left column contains the comparison with the original stoiy. 
The right column contains the compaiisoii with the preceding lepe- 
tition Tlie Roman numerals indicate the items 
I Number of items correctly repeated 
II Number of items changed. 
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TABLE I 


E S 



1 

11 

III 

IV 

I 

1 

6 

14 

4 

2 


2 


15 

4 

1 

6 

3 

5 

13 

6 

8 

14 

4 

4 

16 

4 

3 

15 

S 

6 

11 

7 

£ 

12 

6 

S 

14 

S 

5 

14 

7 

4 

13 

7 

3 

13 

8 

i 

15 

a 

8+13 

13 

9 

2 

14 

i 

5 

11 

10 

4 

12 

8 

2 

14 

11 

5 

U 

8 

3 

13 

12 

4 

12 

8 

I 

17 


LI 


12 

4 
(, 

3 

7 

6 

10 

6 

5 
I 


III 


3 

2 

6 

3 

2 

+ 

1 

13+4 

3 

0 

1 


IV 


1 

7 

2 

4 

3 
0 

5+ 13 

4 
0 
1 
0 


III Number of itcmi omitted 

IV Niiiriher of items added 

The Arabic numerals indicate the number of the trial. 
Explanation or Tadle 2 

The left column contains the comparison with the original story 
Tile second column contains the comparison with the preceding 
repetition The number in the left corner indicates the number of 
the trial The vertical column of numbers point to the respective 
numbci of the complete scheme. The number of (x) signs indi¬ 
cates the approximate frequency of the change indicated by the 
number, 

A look at these tables confirms immediately our qualitative results 
and gives them a more definite shape. The table concerning the 
items shows tliat material which was not available for one repetition 
may be available for the next repetition. The comparison of items 
correctlv reproduced in the diftcrent icpetitions sho\vs that con 
tinuous changes take place It is moreover of interest that only m 
the first seven icpetitions the number of omitted items shows changes 
and that after the eighth repetition the number of omitted items re¬ 
mains constant It is also notesvorthy that after an emotional out¬ 
burst at the eighth repetition the numbci of additions decreases 
steadily. It is iurtlicrmore interesting as indicated by the column on 
the right side that the subject has in general the tendency to cling to 
her version of the storv and, of the 19 items produced in the 11th 
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1 

lii = 66 
la ■= 6+ 

2 = 34 

3 — 36 

4 XXX 
9 X 

10 xxxx 
12 X 
20 XX 
26 XX 


4 


In 

a 

66 

lb = 

94 

lb 

a 

94 

It == 

72 

Ic 

a 

72 

2 = 

26 

2 

a 

56 

3 = 

48 

3 

a 

50 

4 X 


4 

X 


19 xxxxx 

9 

X 


10 X 


10 

XXX 

20 X 



19 xxxxxx 

20 X 
2Sl) XX 


7 


la 

a 

66 

lb 

a 

70 

lb 

a 

70 

Ic 

■= 

60 

Ic 

a 

60 

2 

a 

20 

2 

a 

38 

3 

= 

30 

3 

99 

44 

10 

X 


4 

X 


4 

X 


9 

X 


20 

XX 


10 

XX 


25 a 

X 



19 XXXXXX 


20 

X 





23 

X 





25b 

X 







10 




In 

= 

66 

lb 


63 

Ih 

= 

63 

Ic 

= 

60 

Ic 

= 

60 

2 

= 

12 

2 


41 

3 

= 

15 

3 

= 

47 

4 

XX’ 


4 

X 


20 

XX 


9 

X 


23 

X 


10 

XX 





12 

XX 





19 

xxxxxx 




20 

X 





2Sb 

X 






2 

la =66 lb = 6+ 

lb =64 Ic = 64 

Ic = 64 2 = 18 

2 = 34 3 = 18 

3 = 36 '1 XX 

4 XX 10 X 

9 X 19 XXX 

10 XK 20 X 

19 XXX 23 XX 

23 X 25a xx 

25b X 


5 


la 

= 

66 

lb 

a 

72 

lb 

a 

72 

ic 

= 

64 

Ic 

= 

64 

2 

= 

20 

2 

a 

40 

3 

a 

28 

3 

a 

42 

4 

X 


4 

XX 


6a 

X 


6a 

X 


6l 

X 


6c 

X 


19 

XXX 

9 

X 


20 

XX 


10 

XX 






19 xxxxxxx 

20 X 

25b X 

8 

Jn =*66 lb = 60 

lb = 60 Ic = 112 

Ic = 142 2 = 90 

2 = 90 3 = 44 

3 = 44 4 X 

4 X xxxxx 

6d xxxx 6e x 

(5e X 19 xxxxxx 

10 X 20 XX 

19 xxxxxxxxxx 
xxxxxx 

20 XX 

23 X 
25b X 

11 

la = 66 1b = 60 

lb = 60 ic = 56 

Ic = 56 2 =9 

2 = 30 3 = 13 

3 40 4 XXX 

4 X 19 V 

9 X 23 X 

10 XX 
12 XX 

19 xxxxxx 

20 X 

23 X 
75b X 


3 

la 66 lb —- 64 

lb =64 ic = 94 

Ic = 94 2 = 34 

2 = 74 3 =4 

3 = 46 6e X 

4 XX 19 Kxxxx 

6c X 23 X 

9 X 

10 X 

19 xxxx 

20 K 

25b X 

6 

la=66 lb=64 

lb = 64 Ic = 70 


Ic 

s= 

70 

2 

a 

46 

3 

= 

42 

4 

\x 


9 

X 


10 

XX 


19 

xwxxxxxx 

20 

X 


23 

X 


2Sb 

X 

9 

la 

a 

66 

lb 

a 

112 

Ic 


63 

2 


40 

3 

= 

43 


4 \ 

9 X 

10 XXX 
12 X 

19 XXYXXXX 

20 X 
25b X 


12 


2 = 30 3 = 

3 = 41 20 X 

4 X 25n X 

9 X 

10 XXX 
12 XXX 

19 xxxx 

20 X 
2Sh X 
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lepctition, 17 nie coiiectlv lepeated in the 12th icpetition, only one 
IS omitted One comes to the conclusion that a rather active process 
of continuous change and testing comes to a relative rest and a 
stabilized pattern occurs after the eighth repetition The table based 
upon the complete scheme shows, for instance, that the number of 
words omitted from the oiiginal story increases at the third lepetition, 
but remains almost constant after the fouith icpctitioii. At the 12th 
repetition the niimbei of omitted woids is only 41 wheieas the num¬ 
ber of omitted words in the 10th repetition was 47. The numbei of 
added words goes up with the emotional outburst with the eighth 
lepctition but decicases also considerably towards the end of the 
evpeiimcnt The light coluinns sliow the same characteiistlcs even 
inoie cleaily; in the last repetition, foi instance, only six new words 
are added and seven words of the previous repetition aie omitted 
Of the other items of the general scheme nine and ten aie particular¬ 
ly uitciestiiig Substitutions of woids by words which aie more 
‘.poLHiPfl aie infiequent in cotnparison with the substitution of words 
fm words which arc more common Pciseveration is encountered 
mucli more often towards the end of the senes. Cli.inges in the 
location of words aie common Woids which have been omitted 
may reappear at any time- 

A second protocol may confirm us in the opinion that we do not 
deal meiclv witli chance results m the first protocol discussed 
Rose W., a normal subject, age 27, shows the follovying results 

(0 Olnf died here to-day while doing a hula dance from 
a match toiiclied his skirt The D A. something— 

(2) Olnf died here to day while doing a magic dance, 
from a inalch that touched Ins akirt. The D A said he has 
witness 

(3) Olnf died lierc to-day while doing a magic dance, from 
■1 match that touched lus shut. The D.A says he has wit¬ 
nesses for something 

(4) Worlof died here to day while doing a magic dance fiom 
a match that touched his shut while dnneing for some kind 
of society or soinctlimg 

(5) Some District Attorney or something Worlof died here 
to-day while dancing a magic dance from a match that touched 
his glass skirt 

(6) Worlof or Orlaf died, here to-day while doing a magic 
dance from a match that touched hla grass skirt Some kind 
of D A, or something 
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(7) Gracious—Orlof, whoever he is, he died here to-day- 
no—yes—while doing a magic dance—no—^yea—a match touched 
hi3 grass ikirt Fiom a burn—-I didn’t aay that before He 
was at a charity ball The D A. said something about witnesses 
Twelve witnesses 

(8) Orlof died here to-day from a bum while doing a 
magic dance from a match that touched his grass skirt That's 
as far as I can go I can’t get in that about the D A and the 
12 witnesses I’m uaunlly good at remcmbeiing things. (Patient 
interrupts continually to tell about troubles ) 

(9) r have to I.iugh Orlof died here to-day while doing 
a magic luila-huln dance from a match tliat touched his grass 
skiit Now, that's as far as I can go,—DA. and 12 witnesses— 
charity Qrgani7atton, 

(10) Orlof died hcic to-day fioni a burn while doing a 
magic hiila-huin dance from a match which touched his grnss 
skirt The D A says that he has 12 witnesses as far as I 
can remember 

(11) (Sulks) Orlof died here to-dny while doing a magic 
hula-hula dance The DA says he has 12 witnesses, 

(12) Orlof says—Worlof died here to-day while doing a 
magic hiila-luila dance The witness says he has 12 witnesses 
(Subject weeps) 

On the following day, without repetition of the oiiginal stoiy, 
she says “Orlof died here today while doing a magic liula dnnee 
from a bum which touched from a match which touched his gifiss 
^kirt. And the D A says he has 12 witnesses that saw him huinetl.” 


TABLE 3 
R. W 



I 

II 

HI 

IV 

I 

11 

III. 

IV. 

I 

2 

5 

17 

2 





2 

2 

7 

15 

1 

8 

1 

0 

3 

3, 

2 

7 

15 

3 

9 

1 

0 

1 

4 

2 

4 

18 

5 

6 

1 

4 

4 

5 

3 

S 

16 

3 

6 

1 

3 

3 

6 

3 

6 

15 

4 

8 

1 

0 

2 

7, 

3 

8 

13 

10 

7 

1 

2 

11 

8 

3 

6 

15 

5 

9 

1 

8 

3 

9 

4 

4 

16 

S 

9 

2 

3 

3 

10 

3 

8 

13 

3 

7 

3 

2 

2 

11 

2 

6 

16 

0 

7 

0 

4 

0 

12 

2 

4 

18 

4 

6 

0 

2 

1 


NEXT DAY 


WITHOUT REPETITION 


13 

3 

8 

13 

6 

7 

2 

1 

6 
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TABLE 4 







R W. 





1 


2 


3 






lb = 19 

2 = 6 

lb = 24 

2 

= 3 

ic = 19 



Ic = 24 

3 = 1 

Ic = 27 

3 

= 0 

2a == 4 



2a = 4 

8 X 

2=7 

21 

xxx 

3 = SI 



3 = 49 

19 X 

3a = 49 



4 V 



4 X 


4 X 



10 X 



S X 


8 X 



18 K 



10 X 


10 X 



20 xxxxxxx 


20 xxxxxxxx 


19 xxxxx 






23 X 


20 xxxxx 






24 X 






4 


5 


6 



U) = 27 




2 = S 

lb = 23 

2 

= 7 

Ic ^ 26 



Ic = 23 

3 = 7 

Ic = 27 

3 

= 0 

2a = 1+ 



2 = 11 

IS X 

2 = IS 

10 

X 

3 == 53 



3 = 5 + 

21 XXX 

3 = 5+ 

15 

X 

4 XX 



4 x\ 

24 X 

4 XX 

19 

XX 

10 X 



8 X 


8 X 

21 

X 

18 X 



15 X 


IS X 

26 

XX 

19 X 



19 X 


19 X 



20 xxxxxx 


20 xxxxxx 


20 xxxxxx 



24 X 









7 


3 


9 



Ih = 27 


2 = 28 

U) = 49 

2 = 22 

Ih = 46 

2 

~ 6 

Ic === 49 


3 = S 

Ic = 46 

3 = 20 

Ic = 37 

3 

= 13 

2n 32 


6a X 

2 = 30 

6 XX 

2 = 16 

6nc 

X 

3 = 49 


6b X 

3 = S3 

21 X 

3 = 53 

7 

X 

4 X 


6c X 

6a XX 

21 a X 

6a = XX 

21 

XX 

5 X 


10 X 

8 X 

20 XX 

7 X 

23 

X 

6a X 


15 X 

20 xxxxxx 


19a X 



10 X 


2Ia X 



20 xxxxxx 



IS X 





23 X 



19a X 








21a X 









10 


11 


12 



lb = 37 


2 = 2 

U) = 34 

2b = 0 

lb = 20 

2 

=; I 

Ic =* 29 


3 = 9 

Ic = 20 

3 = 14 

Ic = 21 

3 

= 2 

2a = 7 


6 X 

2a = 3 

21 xxxx 

2 = 4 

20 

X 

3 S9 


20 X 

3 = 60 

20 X 

3 = 55 

21 

xxxxxx 

7 X 


21 xxxxxx 

7 X 


17a X 

25 

XX 

I9tl X 



10 X 


19a X 



20 xxxxxxx 


19c X 


20 xxxxxx 






20 xxxxxxx 


2S X 



13 (NEXT DAY) 






11) = 21 


3 = 20 






Ic “ 36 


21n X 






2 = 20 


23 XXX 






3 == 51 


2+ xxxx 






4 XXX 








7 X 








19 XX 








19a X 








20 xxxxx 
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We inav omit tlic qualitative analysis and piocecd imuicdi.itclv 
with the discussion of the tables (3 and 4) It is chaiacteristic that 
whereas in the /list foui repetitions only two items are conect, the 
number of correct items finm the fifth to the eiglitli repetition is 
three and that the ninth repetition even four items are correctlv 
reproduced. At the eleventh and twelfth repetition the nvimber of 
conect Items diops again to two, but rises up the next dav to three 
The number of omissions is least m the seventh and tenth repetition 
Also, this subject has a greater tendency to stick to her story and the 
number of items taken over fiom the one story to the other rises even 
to nine m the eighth and ninth repetition The diop in the last 
two repetitions is evidently due to the emotional factois which pro¬ 
voke her crying It seems rliat her emotions dcstioy the compani* 
tively stabilized pattern she had reached between the eighth and 
tenth lepetitions 

The complete scheme gives a better insight into the pioccsscs going 
on The number of words omitted from the original story remains 
quite constant, but the number of added words is continually de¬ 
creasing Substitutions of words by words with .i more genera) 
meaning are common, as arc substitutions by words which aie more 
common Individual names are changed. Sometimes more moral 
words aie used Sometimes synonyms aie used 

Perseveration of mistakes plavs an cnoimous pait We icpioducc 
in the appendi\ several more protocols which merely empliasize the 
principles that we have discussed, as we used this method in a com¬ 
paratively large series of cases. 

Discussion 

When the story has been icad to the individual an impression must 
have remained Tins impression is the basis for the lecall Accouhng 
to our experimental pioceduic all recalls have to go back to this 
primary impression Wc mav call this impression the memory trace. 
It IS easy to see that eveiy recall is diffcient fiom the pieceding one. 
We may foim the opinion that the trace remains constant and that 
every recall bungs difterent sides of the trace into appearance. It 
does not seem vciv likely that the trace should be stabilized It is 
much moie piobable that the trace itself undergoes an organization 
and that the recalls meicly register the organization wluch takes 
place. It is tiuc that the experiences of psychoanalysis make it very 
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probable that traces liave a much greater stability than one usually 
supposes. The psychoanalytic method can unearth traces based upon 
experiences in very eaily childhood. Memory consists, as Freud has 
emphasized, of two diftcrcnt systems* the one system letaming the 
trace in its original foim, the other system consisting of an elabora¬ 
tion of the original trace hy condensation, transposition and symbol¬ 
ization. Experimental studies by one of us (Sclulder) have led to 
identical conclusions. The gieat pei:>istcncc of original traces ap¬ 
pears also in experiments in hypnosis m which seemingly forgotten 
material can be brought forward The trace and its recall can be sep¬ 
arated from each other but only aitificially It depends upon the 
total situation which part of the memory material can be utilized 
Wc come, tlicrefoie, to the conclusion that wc deal in oui experiments 
not only with cliniigcs in the recall, but also with changes in the 
organization of tiaccs. Our experiments show clearly that a change m 
the trace from repetition to repetition does not consist merely of a fad¬ 
ing of the tiace and the lessening of its efficiency. It occuis in our 
protocols again and again that words and sentences which were not 
nvailable at a previous recall become avail.able at a latter recall. Even 
from one day to another an improvement in tlie recall may take place 
Tiie cliange is insufficiently described by the mere hint of quantita¬ 
tive changes in tlie tiace To be true thcie aic some general charac¬ 
teristics, TJie greatest loss in the efficiency of the trace occuis very 
often in the beginning during the fiist, second and third recall. How¬ 
ever, even the first recall shows already signs of a very active mental 
process. Phrases arc substituted by similar phrases, woids are sub¬ 
stituted by synonyms, by more general or by moie specific terms and 
by words which .ire moie or less common All shades of emotion 
express themselves in the senes of recalls m the choice of words. It 
IS obvious that a total personality is involved in the processes of the 
oiganization of plirascs in which the veibal foimulation plays a veiy 
important part. With the continuation of the recalls it becomes 
obvious that the individual who has once organized a trace has a 
decided tendency to stick to this oiganization which originates seem¬ 
ingly fiom the individual attitude The right columns of our tables 
shoiv clearly how much the individual intends to stick to his version. 
We may speak about peiseveration. In all oui protocols the indi¬ 
vidual tends to come to a relative stabilization of the process of 
oiganizing the traces It is obvious from our piotocols, especially 



FRM^K J CURRAN, M D , AND PAUL SCHILDLR, M D 177 

fiom tlie right columns, that the activity of the organization dimiti- 
ishca and the changes become rathei stabilized A definite pattern 
IS formed. This pattern is only relatively and not absolutely stable 
It seems that the individuals are rather willing to go on with lepe- 
titions until tins pattern is reached, and that then unwillingness to 
go on IS very closely related to a definite formation of the pattern 
The emotion and tlie organization arc mcidy two sides of the same 
fundamental process which leads to saturation We deal with a 
process of great activity which, according to our opinion, merely 
reflects what is going on with every tiacc. The memory tiiiccs in 
these experiments show also veiy clearly the foiccs which are para¬ 
mount in Verbal development and veibal formulation We found 
an outspoken tendency to substitute specific and laic woids by more 
common woids. There is a leveling tendency m language 

Part II 

W^e were interested to compaie the results obtained in normals 
with the results obtained m pathological cases Table 5 lepresents 


TABLE S 
Hrirm M 



I 

II 

III 

IV 

I 

II 

III 

IV 

1 

0 

9 

15 

20 





2 

0 

0 

24 

46 

0 

0 

9 

44 

3. 

0 

5 

19 

53 

24 

5 

24 

21 

4 

0 

0 

24 

112 

10 

5 

5 

39 

5 

0 

0 

24 

48 

S 

8 

66 

16 

6 

0 

0 

24 

25 

0 

0 

32 

IS 


mateiial fiom a schizophrenic girl It is obvious from one look at 
Table 5 how little the patient is intciested in the material offered 
to her and aftei the third repetition no item of the story is utilized, 
not even in a changed way. The patient still lemains interested m 
her own pioduction and 40 items are taken over from her third 
repetition to her fourth icpetition, but eventually she does not even 
keep up the inteicst in liei own stoiy. We leproducc the first and 
the fifth icpetition. 

Fnsl Ino} Mr Mooie has deliheiaiely let a match toss 
away and set 5-6 people on fiic That wns in San Francisco 
T helieve he’s still m j.iil yet I believe that Mr Moore the 
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Distiict Aiiftriicy oidcied the invesiiEation to keep him in 
jail for tossiiiR a mnicli and setting n bomb and killing so many 
people I can’t memoiize that It's impossible I'm giving my 
statement as far aa ivhat you said 

Fift/i Inal I don’t even know the man I am just guessing 
in niy own rniiul What’s the idea of doing this? Just to pass 
the time I don't know nny more he is out of office six years 
I remember the train, the bomb and he being arrested three 
hours ifUr He rvas 17 years in jail Oh yes, I tliinlf lie was 
married I believe on account of the people accusing him it 
was because of lus wife and home. He was a pretty young rnan 
when he went in but he is pretty old “bugger" now, but still 
he is able to hold a job in the bank and support lus family 
No more now I have to lieat it 

Tins IS a cloai cut instance of an individual who is less mteicsted 
111 the recall of the tiacc than in expressing her own emotional trends 
More lelevant to the topic arc the lesults in cases -vvith memory 
disturbances on an ojganic l)as)s We add a piotocol of i 42-year old 
woman with severe iriemorv disturbances of an oiganic type The 
nntuic of the oiganic process from which she was suffering could 
not be asccitamed. The patient showed no tendency to confabulation 
The story Iiad to be lead to hei two times befoie she could be in¬ 
duced to repent tlic story. 

1 Olaf Nelson died fiom burns fiom a lighted match 
from hia slcirt 

2 Olaf NeUon died from burns fiom a lighted match 
from his skirt. 

J, 4, S RepeliltoJts are tdcniual in spite of the urging of the 
e\peiii/teuler 

6, 7, 8, .in<l 9 Repetition for his skirt is subsiiiuted by to 
lus skirts 

If ter the ninth lepctilioii the patient complains It is hard to 
repent it when you merely hear it 

The palieiil is now oidered to icad the stoiy heiself aloud 

The tenth lepclitiou, however, u stdl identical 

At the eleventh icpetition, the patient adds, Moore died from 
the burns of a match lighted in a dance comedy hall 

12 Wilson, what's his first name, Olaf, Odolf Wilson died 
from burns from a match that lit his skirts. 

13 Odolf Wilson died from burns of a match tliat Jit his 
skirts in a comedy dance hall 
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14. Itienhca] 

IS Idoilicol but omtls jii a comedy dance hal! 

16, 17 Idejilical io 15 

18 Olaf Wilson diet! from burns from a lighted match to 
his skirts 

19 to 24 Identical 

25 The ey:ammer tells liei take your tunc, tell the whole 
story The patient repeals and adds, that occurred in a comedy 
tlancc haJl Asked ’whether her repoif is cot reel she says 
Wilso/i comes in somewhere. 

26, 27 Identical to 24 

28 She adds In a comedy dance hall, Urged whether the 
story ij complete she adds, Who is this, who was produced; 
manslaughter, he was cliaiged with manslaughter? 

29. Identical Patient adds I was thinking who was charged 
with mnnslanghter Wilson was it, was it not? He was the 
cause of the matches, manslaughter tiint is more of a hit, 
more of a Uglit 

The patient is given an lioui pause and repeats then the stoiy 
as follows. 

Adoif Wilson died fiom burns that set his skirt on fire 
It occurred in a dance hall (How did that happen?) He evi¬ 
dently had something expiodnble about his clothing. The matches 
exploded and the skirt got on lire That occurred m a dance 
hall academy (Wliat did the other people say?) Wilson was 
charged with manslanghter (Who charge him?) OfTiclnh 
I presume (The patient does not think she has memory de¬ 
fects ) 

Since tile technique of examination had to be changed m thi'S 
case, we have icfr.nned from tabulating it. The peiusal of the 
protocol shows veiy cleaily that the same processes which go on in 
the normal arc piesent, too, in the pathological case but merely in 
an exaggerated way. It is p.irticulaily obvious in this case tliat a 
definite pattern is prematurely foimed and then kept with a great 
tenacity, but individual names, words, and items are also ladicallv 
changed It is also obvious that it depends on the circumstances how 
much of the existing tiaces can be utilized by the patient. 

We come to the conclusion that the pattern foimation piescnt also 
in the normal can be accelerated in cases of oigamc memory dis¬ 
turbances Many of the otlici changes aic qualitatively identical 
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With the changes which take place in the noimal but they arc iiiore 
outspoken. We have, furthermore, studied in detail sevetril cases of 
Korsakoff’s psychosis. We leproduce the protocol of one of these 
cases (1‘able 6). The table shows very clearly that the patient has 
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retained only vciy little of the original story, but still after the 16th 
repetition one item h still correct and two are changed A great 
productivity in pioducmg new items is obvious when one looks at IV 
on the left column The column on the right side shows very clearly 
that the patient has a gicatcr tendency to stick to the items he has 
invented himself 

Tile tabulation with the complete scheme cannot give a definite 
idcn of the mental piodiictivity of the patient and wc omit, theiefore, 
Its reproduction. A pait of the protocol is here reproduced; 

Firit trial A mnn named Nelson attended n Ivwla dance and 
while tlicie lighted a cigarette After taking a pnff of the 
cigarette he clelibeintelv threw the remnant of the partly smoked 
cigarette into the crowd—not deliberately He misjudged the 
diiection whcie he stood .'ind Che outer edge of the spectators 
What happened, I don’t know. How would you finish it? The 
police were called who sent hurried calls for ambulance and 
those badly burned were rushed to the hospital The man who 
threw the cigaiettc butt was taken to the station house for 
exnminaiion for insanity IIis name he said was John Nelson, 
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age 38, living at . and , 1 am making thia up, father 
of thiee children 

Third trial Harry Nelson, 28 or 38, is undci arrest to-day 
charged with throwing a lighted match butt into a throng of 
spectators I have said that before He was held for examina- 
tiori ns to insanity He la a well'Lnown resident of his com¬ 
munity ... I have said that before 

Ninih trial. In repeating for the third time under protest 
Hairy Nelson, 20 years old, a resident of the district was ar¬ 
rested tor thiowing a lighted butt into a crowd of spectators 
. I am unable to aay word for word what I said into 
further vcisions of Netson’s act, I have made a note 

Ele'vetith trial, The falienl protests again vigorously against 
coniiHHing John Nelson is under arrest to-day charged with 
throwing a lighted cigarette butt and match into the midst of 
of a nearby crowd gathered to listen to him oi to another 
lectuier 

Fiftccnlli litaT The patient ptotesis again vigorously say- 
ing, In Bellevue Hospital the doctors arc more crazy than any¬ 
body else in the observation world John Nelson, 28 years old, 
a resident of this neighborhood, is arrested to-day, charged with 
throwing a lighted cigarette butt and match into a crowd of 
spcctatois, To-day he is held under arrest and held for ob¬ 
servation 

After the J6lli tepeMion the patient protests again vigor¬ 
ously. Do you like to tell the same story twice? He continues 
nftei a pause of ten mviates and repeals now the story as 
follows John Nelson, age 28, under arrest to-day charged with 
throwing a match into a ciowd of spectators He was held 
for police and observation {The patient is a newspaper man.) 

Studying such a piotocol carefully one will find that traces are 
formed also by these patients In the different tiials diffeient parts of 
the tiaccs aie utilized. The pattcin foimatioii is rathei obvious- 
In some of his picvious protocols pattern, foimation was ovei- 
tbadowed by a wealth of new details invented bv him, but could be 
iccognized too 7’lic varintions and swings, the antcpositions, post¬ 
positions and substitutions found iti the noiiual can be found liere, 
too; the swings are more outspoken here however. Peise^eration so 
closely related to pattern formation plays an hnpoitant pait It is 
obvious that we deal also in this cabC with a veiy active process of 
oiganization This organization is much more determined by the 
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individual attitudes of the patient than by tlie chaiacter of the ma¬ 
terial. Wc know from other studies tliat in cases of tins type a ten¬ 
dency exists to take everything out of a story whicli might be offen¬ 
sive. There is a tendency to a happy ending Furthermore the in¬ 
dividual experiences are mixed with the objective pattern. It is 
obvious that any attempt to characterize such a process merely as a 
difficulty in retention is erroneous One deals with processes of or¬ 
ganization which arc, m comparison to the normal, accelerated and 
exaggerated One gets the impression that the processes organizing 
the trace are less controlled and more undei the influence of the 
individual attitude of the patient. 

Conclusion and Summary 

Wc have read to a great number of normal subjects a story once 
and have asked them to repeat the story until they were exhausted 
and refused to go on. Besides the omission of woids and items, the 
following changes were observed; A phrase is substituted by a similar 
phrase; a phrase is added to the story; phrases are added expressing 
attitudes of the subject (impatience, disgust and uncertainty, and 
jocular, rebellious and gabby moods), substitution of a word, either 
by a synonym, or by n word of a similar meaning occurs; substitution 
by a word with a more general or more specified meaning is noted, 
substitution by a more or by a less common word, or substitution by 
an emotionally stronger or weaker word or substitution by a more or 
less moral word arc observed There were also perseveration of 
words and phrases, especially of mistakes Colloquialisms and de- 
preciativc terms were used Individual names underwent the same 
changes New words were added which did not substitute any othci 
words, "Words and items were omitted In the scries of trials words, 
individual names and items once omitted tatei appeared Mistakes 
were corrected. Changes in the location of words and phrases in the 
sense of anteposition and postposition took place, These changes 
arc not merely due to the fact that recalls are demanded, they indi¬ 
cate a process of the oiganization of traces. The change in the trace 
from repetition to repetition does not consist merely of the fading 
of the trace. One deals with a very active mental piocess in which 
the total personality and its problems are involved An organiza¬ 
tion of the trace which once has been developed has the tendency to 
persist and a relatively stable pattein is formed When the pat- 



TRANK J CURRAN, M D , AND PAUL SCHILDLR, M D. 

tern is formed individuals become unwilling to go on. The emotion 
find the organizations aie mciely two sides of the same fundamental 
process which lends to Siituration. The pioccsses dcsciibed are piob- 
ably processes which take place in every trace and aie of importance 
for the understanding of changes in the use of woids. In cases of 
organic disturbances in the memory function, the processes or organi¬ 
zation of the trace are accelerated and cxa gg eiated. They arc less 
controlled by the trace as such and moie under the influence of the 
individual attitude of the patient These distuibances cannot be 
understood mcrclv as defects in retention and m old memories 


APPENDIX 

Explanation or tub Tablb 

The left column contains the comparison with the original story. 
The right column contains the comparison with the preceding repeti¬ 
tion The Roman numerals indicate the items. 

I. Number of items corrcctl 3 ' lepeated. 

II. Number of items changed 

III Number of items omitted 

IV. Number of items added. 

The Arabic numerals indicate the numbet of the tiial 
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Explanation or the T\ble 

The left column contains the coinpaiNon with the original stoij' 
The second coluinn contains the compaiison with the preceding repe¬ 
tition The number in the left comer indicates the niimber of the 
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trial The vertical column of numbers point to the respective num¬ 
ber of the complete scheme The number of (x) signs indicates the 
appioximate frequency of the change indicated by the number. 
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THE MECHANISM OF VISION. XIV VISUAL PERCEP¬ 
TION OF DISTANCE AFTER INJURIES TO THE 
CEREBRAL CORTEX, COLLICULI, OR OPTIC 
THALAMUS*! 


Haivaid Univeisity 


K S. Lashley 


In several studies dealing with the functions of the aiea striata 
of the cerebral cortex of the rat abnoimal behavior was noted in 
animals subsequentlj^ found to have sustained accidental injuiics to 
the supeiior colliculi in addition to the lesions within the striate 
cortex. The primary s 5 'mptom in these cases was a gieat leluctancc 
to jump in tests foi detail vision which icqutred them to cioss a 
20 cm. space. In two expciiments (Lashley, ’31 ; Lashley and Frank, 
’34) about 10 pei cent of the animals could not be induced to jump 
after opeiation, and this bchavioi proved to be certainly diagnostic 
of invasion of the superior colliculi Layman (’36) undeitook a 
s)"stematic study of detail vision in animals with lesions lestrictcd to 
the supeiior colliculi He found that, when finally trained to jump, 
such animals showed no distmbance in ability to distinguish simple 
visual patterns 

Evidence that movements of ocular convergence are influenced by 
a centei in the supeiior colliculus (Bechterew, ’09) suggest that tlic 
disturbance in jumping might be due to interfeience with fixation and 
the perception of distance.® To test this a study of reactions to visual 
distance by animals with injuiies in the optic thalamus and midbrarn 
has been earned out Analysis of lesions produced in attempts to 
destroy the colliculi and optic thalamus levcaled invasion of othei 

■^Received In tlie Editoiial Ofhee on Feliiuaiy 1, 1937. 

’7'licse cxpenjrcnts weie cojni>letcii al llie Univeisitv of Chicnijo and wcic 
nidtd bv a grant from the Otto S A Sprague Memoual Institute 

■li) disciibsmg tlic connections ot the optic thalamus of highei forms 
Biouwci (’27) has stated that, “The connection of the pulvinar with the 
gsrus imgulnns makes it possible that it has something to do with the 
movements of the eye muscles and with the higher visual functions (stereo¬ 
scopic vision, the recognition of the lelative and absolute distance),’* Al- 
lliough the pulvinar is not developed as a distinct slnictiire in the rat, Cl.irk 
('32) considers that its homologue is the pars posterior of the lateral nucleus, 
lo which therefore similar functions may be ascribed 
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tfuilamtc nucicfj especifiJh’ ol^ die vcutr.ii ;nni lateral! groups It 
tlicicfoie ncccssaiv to conticl the effects of such iiijviries Since tliese 
nuclei uiideigo virtually complete letiogiade degeneration after de¬ 
struction of tlicir cortical piojcctioii fields, the most feasible method 
of testing then function ni depd) pciccption ivas by destiuction of 
coitical arc.Ts, A iiumbci of animals with coitical lesions outside 
of the visual .ucas ueie theicforc tested m depth perception and 
their hiains weic analyzed for rctiograde degeneration m the 
thalamus 

Methods 

The apparatus of Lashlcy and Russell (’3+) was used to dctci- 
mine the accuiacy of depth pciception. Thus apparatus recoids the 
hori/onta! component ot the force excited bv the rat in jumping 
cicioss a vaiinblc gap to a platform which presents only visual cues 

Nminal pigmented lats wcic tiained to jump and given five piac- 
tice jumps at each 2 cm iiiteival fiom 20 to 40 cm , to ieduce piac- 
tice effects in latci tiials This practice was followed by an initial 
test senes to determine accuiacy of disciimination The test scries 
consisted of five jumps at each centimeter inteival fiom 20 to 40 iii- 
elusive. *^rhe distances in successive, trials weie vaiied in irregulai 
order such that longer and shortci distances were alternated and no 
two consecutive distances diftcied bv less than 5 cm Twenty-one 
trials, one jump at each centimeter interval, were given daily foi 
five days 

Aftci the initial test scries the animalh were subjected to an opeia- 
tlon involving iiijuiy to tlie optic thalninus or colliculus, or to the 
ceiebral coi tex m the contiol group Two weeks after operation 
a second test seiics like the first was given, aftei which the animals 
were brought to necropsy Compaiison of the pre- and postoperative 
scoies gives a mcasuic of the loss or gain in accuracy subsequent 
to the operation 

Sconuff. A rank-difteicncc method was used foi scoring the le- 
sults. Tile aveiagc foice for the five jumps at each distance was 
computed * The aveiages were aiianged in rank order of magnitude 
and the ranking compared with tlie rank oidci of magnitude of the 

®Thc use of five frjals ns n basis of coinpanson js purely arbitraiy Since 
chance variations in motor adjustment affect the score, it is obvious that die 
apparent accuracy will increase with the iiiimbei of trials included in the 
averages, 
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distances The sum of the diffeiences in lank (Sf/%) was taken as 
a measure of accuracy. These figures may be inteipieted loughly 
in terms of diffeiential sensitivity by reference to Table 1 which 
gives tlie best and poorest scores made in the tests The best score 
(2rfi\=16) icprcsciits an aveiagc displacement in older of about one 
place winch ts what would be expected, if the liinen lav between 1 
and 2 cm , as Russell (T2) determined it foi normal animals bj 
otiici methods of analysis Computation of the average score foi 
2 cm intervals for tins animal gives a perfect correspondence of 
force with distance 

Tlie poorest scoic (2i//A=86) lepiescnts an average displacement 
of four intetvals or an average liincn of about 4 cm. Averaging 
the force for 3 cm intervals gives one icveisal of oider (at the great¬ 
est distance), or a tlucshold below 3 cm over the greater part of 
the langc 

Even the ivoist scoie is far bettei than chance ^vhich gives a hguie 
above 200 for 2d.\, so tliat In all the tests theic is evidence for dis- 
elimination of distances Rank order conelations between force 
and distance liavc also been computed and are given for comparison. 
For postoperative scores they lange from 0.64 to 0.98, showing in 
another way a significant difterential sensitivity for even the worst 
cases 

Opeidlion Operations were performed under ethei anesthesia 
The ccicbral lesions were made with thermocautery For destruction 
of the colliculi and optic thalamus a small ticplwne bole was made 
in the parietal bone of each side ncai the occipital angle A thin 
knife was passed tliiough the longitudinal fissuie in an attempt to 
nndcicut the superficial structures of the thalamus oi midbrain roof. 
This approach usually involves a slight mjuiy to the innei margin 
of the Iiemispheic in the projection field for the lateral and antero- 
vcntral thalamic nuclei, but such lesions alone have not been found 
to disturb visual reactions to distance. 

Reconstructions Sciial sections of the hiains weie prepaied and 
stained witli thionin. Camcia drawings of the sections showing m- 
jmics were made and fiom these the dimensions of the lesions weie 
tiansfericd to the diagrams lepioduccd in Plates 1 and 2. The 
ccicbral lesions weie plotted by the usual methods of graphic iccon- 
stiuction The lesions in the optic thalamus and colliculi were pro¬ 
jected on the di.igiam shown in Plate 2 which is from a camem 
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PLATE 1 

Djarram'v of ruE Cekedrai Lesions from First Expeiumcnt 


Numbers of figures correspond to numbersi assigned to animals in tables 
2 nnd 3 
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PLATE 2 

Diagrams oi SuncoRricAi Lsaiovj iv the Cases brvDiED 
The oiilline represents the llialamiis, tectum, and incduHa in proportions 
taken from n cninern drawing Complete destiuction of surface structures is 
indicntct) In solid tdack, undercutting by ^tippling, and undercutting with 
degeneration of overlying structures by hatching In prncticnlly nil eases the 
cuts extend downward from the nreas of superficial injury at an angle 
of nlioiil 30 degrees. The numbering of the figures corresponds to the num- 
hers of the animals m Table 4 
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drawing of a dissection of tlie thalamus and midbiain In these dia¬ 
grams dcstiuction including the full depth of the optic stiuctuics 
IS indicated in black, deep injuiv with dcgcnciation of overlying tis¬ 
sues bv batching and deep undercutting by stippling The lesions 
m sections appeal as lines of scai tissue passing latciad and vcntiad 
at an angle of about 30 degiecs from the lionzontal Then chauctci 
IS lUusli.itcd III t-ext Ftguie 1. 

'I'hr Effects of Ccrkbral Lfsions 

Ten lats wcic tested foi depth peiccptlon, subjected to operation 
on tile cciebial coitex, and retested 10 daj's aftei the opciation. 
Then scoics are given in Table 2 and tlic leconstiuction of the lesions 
m Plate 1. Aftei the tests the biams were sectioned and analyzed 
for ictiogiade degcneiation in the thalamus I'lic condition of the 
thalamic nuclei is summarized in Table 3. Tlic terminology of 





StMIUIAGRAMMATIC SMTUIES OF SECTIONS IHKOOGK THP RhGION OF MAXIMAL 
lNjuR\ IN Four Rfpresfxt\tive Casfs 
Nuinbcis 13 and 20 made the worst postoperative scoies Numbers 18 and 
21, VMth gieatei involvement of optic stiiictmes, madt. normal postoperative 
scores 
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'I ABLE 2 

FrI - AMI) FoSTOI’CRATIVE RECORDS OJ CORRKATION OF FORCI WITH DISTANCE 
lOR AnimxUS vvnii Cfrcbrai Lesions 


sum of deviations of oulcr of force, laiik order correlation of force 
with distance Under "held’* the locus of the lesions is indicated in teims 
Ilf Forliivn''‘ nreas 


No 

Preoperative 
uAx p 

Postopei alive 
y.d\ p 

Field 

1 

42 

91 

No jiriiip in 60 <la\<> 

ff’ 

2 

37 

90 

No jump in 60 davs 

ff' 

3 

2+ 

95 

No jump m 60 dajs 

If 

4 

31 

9+ 

34 

90 

lower } 

5 

31 

94 

63 

80 

lowci / 

A 

29 

95 

32 

95 

upper } 

7 

78 

U 

36 

94 

uppci ) 

8 

71 

73 

61 

77 

!> 

9 

22 

96 

83 

68 

P 

to 

33 

95 

No jump 1 

III 60 days 

P 


Waller (’34) has heen followed The lesults confoiin qiiitc clo«lv 
to liis schema of the coitical piojection of the thalamic nuclei 
In carlici unpublished studies we have found tliat lesions which 
involve the Lateial poitions of the striate areas sciiouslv disturb or 
abolish reactions to viMiai distance The results foi othci areas, shown 

TABLE 3 

TlIAlAMIC Nuci Pi ShOW'INO DECtNLRATIOM IN THE ANIMAT.S WITH CeREURAL 
Lesions uhose Records arc Given in Taihb 2 


«, niicletis normal, +, nucleus severely degenerated, ±, glioais with some 
cell loss, u^, some increase in glin with neurons apparently normal The 
tcriiiinolngy of Wnllei (’34) has been followed 


No 

1 

2 

3 

4 

S 

6 

7 

8 

Antcrovcntial 

+ 

+ 

+ 

n 

11 

+ 

+ 

11 

Anteromedial 

•±_ 

± 

d: 

n 

n 

n 

n 

n 

Antcrodorsal 

n 

n 

n 

n 

u 

n 

n 

n 

VeiUral antcnoi 

+ 

+ 

+ 

nf 

n ? 

n 


n 

Ventromedial 

+ 

+ 

+ 

n 

n 

n 

n 

11 

Ventrolateral 

n 

n 

n 

+ 

+ 

n 

+ 

n 

Arcimte 

n 

n 

n 

+ 

4' 

n 

n 

n 

Centiiim metliainini 

+ 

+ 

+ 

+ 

+ 

n 

+ 

n 

Lateral anterior 

n 

n 

n 



+ 

+ 

n 

Lateral posterior 

n 

n 

n 

n 

n 

n 

n 

+ 

Lateral geniculate 









pars dorsntis 

n 

II 

n 

n 


n 

n 


Medial geniculate 

n 

n 

n 

+ 

+ 

n 

n 

+ 
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in Table 2, arc quite LOnsisteiit Extensive lesions LOvciinK rlie clcc- 
tiostimulable areas (ff* of Fortuyn, ’14) abolished the leaction The 
animals with such lesions, Numbers 1, 2, and 3, wcie tested daily 
for t\io months aftci opeiation but could never be induced to jump 
The thalamic nuclei dcgeneiated wcie the same in all three cases 
and included the anterovential, the anteioraedial, the ventral anteiioi, 
the ventromedial 

Lesions in Field j, which Foituvn mteiprcted as sensoiy (tactile- 
kinesthetic) had no effect upon tlie reaction In Numbers 4 and 5 the 
lowei portion of this area was destioyod without significant reduc¬ 
tion in accuiacy of jumping The nuclei degenerated were the ven- 
trolateial, tlie aicuate poition of the ventral, the centium medianum. 
and tlie medial geniculate, this last thiough inteiiuption of the audi¬ 
tory radiation In Numbers 6 and 7 the doisal parts of Field / wth 
the caudal pait of the niotoi aiea weie destinved The thalamic 
degenerations characteristic of lesion in this region were in the an- 
terovential and lateial anterior nuclei No decrease in accuracy 
was pioduccd 

The third area explored was Field p of Fortuyn, in Cases 8, 9, 
and 10 Number 8 showed no decrease in accuiacv after operation 
In this case theie was complete degeneration of the right lateral geni¬ 
culate nucleus, pais dorsalis, and of the dorsal and lateial portions 
of the left, piobably lestiictmg vision laigely to the right inferior 
nasal quadiant (Lashlcy, *34, Figuic 6). Botli medial geniculate 
nuclei and the pais posterior of both lateial nuclei showed severe 
degenciativc changes. The biain of Numbei 9 was lost, but a sketch 
of the suiface extent of the lesions made at neciopsy shows a location 
and extent similar to those in Numhci 10 The injury must have in¬ 
volved the greater pait of tlie optic ladiatioiis In Numlier 10 the 
optic radiations weie mtcriuptcd and both lateial geniculate nuclei 
completely degenerated. Detail vision was theicfoic absent 

Suiiimai \/ In this seiics of cases disturbance of reaction to visual 
distance appeared only aftei severe damage to the optic ladiations or 
destruction of the frontal coitex within the limits of the clcctiostimiil- 
able areas for the neck and fore legs In cases which showed no 
significant disturbance of depth perception sevcie oi complete degen¬ 
eration of the following thalamic nuclei occuned: anterovcntr.il, 
ventrolateral, aicuate, ccntium medianum, antei loi and posterioi 
paits of the lateial, and the medial geniculate The lateial nuclei and 
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TABLjE 4 

The Graduation of Force in Jumping wmi Distance to ni CovtREo nnioRE 
AND AFTIIR LeSIOMS IN THE RbCION OF TUB OPTIC TlIAlAMUS AND COLLICULI 
Tlie relation between tl»c variables is expressed an the sum of the deviationi 
of the rank order of force and distance (Srfx) and also as the correlation 

cae/^enC {p) 

No 

^(Ix 

prooper- postoper¬ 
ative fltive 

preoper 

ative 

P 

postoper' 

ativc 


U 

32 

2S 

.95 

.95 

Interruption of optic tract 
along margin of left colli' 
cuius. Extensive bilateral 
Injury to Intcral, pretcctile, 
arcuate, and mcclinl gentcu. 
late n. 

12 

22 

23 

.97 

97 

Slight injury to both pi etec- 
tile n 

13 

S4 

1-4 

.92 

71 

Right optic Uact severely 
damaged m front of colli¬ 
culus i.eft latepfll geniculate 
n destroved Both lateral 
thalamic n. invaded 

14 

30 

2+ 

95 

95 

Doth prctectilc and left 
lateral, pats post degcnei- 
ated Hotit arcuate n m 
Vaded 

13 

37 

34 

93 

94 

Cuts through preteciilej ar¬ 
cuate and medial geniculate 
n of both sides 

16 

34 

6$ 

.9t 

SS 

Narrow scars through both 
pretectile into medial geni¬ 
culate n 

17 

^0 

52 

91 

.85 

On light the sear passes )ust 
medisid tu the arcuate with 
slight degeneration in the 
ventrolateral n On left a 
cut through lateral, pars 
post, into medial genicul.Tte 

ID 

dl 

60 

7S 

.76 

Complete destiiiction of left 
pretcctile and lateral, pars 
post with interruption of 
tract Right habenula and 
arewate n. involved 

19 

50 

It; 

S4 

98 

Injuries in both hippocampal 
lobes with only slight Inva¬ 
sion of lateral margin of 
right supervor coUiculns 

20 

24 

86 

93 

64 

Deep cuts passing through 
pictcctilc n and just medind 
to arcuate n, 

21 

22 

33 

97 

95 

Intff ittpMoti of optic tract 
nnti destruction of lateiol 
maigin of superior lolU- 
cuius on left Colliculus, and 
iiicdiiin geniculate n iin 






derciit on light 
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TABLE 4 (,conlijiueil) 


22 

4V 

20 

85 

.98 

Right superior colliculus un¬ 
dercut Postctior mnrgiii oi 
left destroyed 

23 

32 

36 

95 

,93 

Caudal halves of both su¬ 
perior colliculi destroyed 
Infcrioi colliculi iindeicut 
completely 

24 

60 

42 

77 

.90 

Caudal third of both su¬ 
perior Lolliculi undercut 

25 

42 

42 

89 

94 

Slight injury in left area 
stn.ata, nasal Held Caudal 
unirgin of nglit supcrioi 
colliculus undciciit 

26 

36 

22 

91 

94 

Slight injiiiy in caudal third 
of right superior colliculus 
Superficial erosion of left 

27 

22 

18 

96 

97 

Nairow knifc-cut through 
caudal margin of right su¬ 
perior coUlcviUis 

28 

26 

3S 

95 

91 

Caudal fourth of right su- 
penoi colliculus dcstro>ed 
Deep injury in left inferior 
colliculus 

29 

52 

62 

86 

.75 

Smoll mcdinn lesion m left 
supcnoi colliculus Caudal 
third of right supenoi and 
alt of light inferior loIIi- 
cuius undercut and isolated 

30 

39 

28 

93 

95 

Right inferior cnlUcuIua un¬ 
dercut, left injuicd super¬ 
ficially 


medial geniculate nuclei ah^.tvs cont.imc<l some noiinal cells, the 
othcis gcneially showed loss of all nctvous elements We may thus 
conclude that none of these nuclei plays an}' significant lole in the 
contiol of sensoriinotot leactions to visual distance and that acci¬ 
dental invasion of them in attempts to destioy the optic thalaimis can¬ 
not be held icsponhiblc foi icduced accuiacv in this perfoun.ance 

The Effects of Subcorticvl Lfsions 

Of the ammaU m which subcoitical visual sliuctuies wcie dcstioycd 
three weie discarded one because of an injuied foot, one because of 
extensive lesions in both latcinl geniculate nuclei, and one on account 
of an infected wound The scoies of the tcmaining 20 animals in the 
pie- and postopeiative tests aie given m Table +, togctliei witii hiiet 
desciiptions of the lesions, which aie also icpicscnted m Plate 2 
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The eases jue aiiangecl and numhcied loughl} m the oidci of the 
position of the lesions fioin tin. aiitciioi maigin of the thalamus to 
the inferio! loUiluIi. 

No niiinial showed a complete loss of ability to give a difteicntial 
icaction to visual distance alter the opeiation The woist postopera¬ 
tive score (SrfA'= 86), made by Number 20, shows accurate adjust¬ 
ment of foice to distance for intervals of 3 cin , except at the gieatcst 
distance 

The aveiage scoic for pieopeiative tests foi all animals is 2^/.\==36, 
foi postoperative The difteience is not reliable Figuie 2 


pielimitiaiy tests 



postopointive tests 



Distridution or Scores (Sdx) in Prf- amd PosropERAnvr Tnsis 

The squares represent the numbers of animals falljng within each class 
interval. 
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shows the distribution of scoics The lAiiRe of vmiation was sig¬ 
nificantly increased after opciation Eleven .inimals showed increase, 
nine decicase in accuiaev after opeiatioii Tlicse facts indicate that 
practice cftccts M^eie not completely contioUcd by the initial practice 
The average of pieopeiative scores of all animals was Si/v=36. 
That foi animals which showed impiovcment aftci opciation was 
S/'/a— 41. The aveiage of postoperative scoies foi these animals was 
2 <'/a= 30. Only two animals which made better than aveiage initial 
scoies showed postopei.xtive improvement and this was very slight 
m amount. We may theiefoie largely discount the piacticc effect as 
obscuiing the influences of operation, since only the animals with 
pool initial scoics improved and their impiovcment did not make 
them significantly bettei than the initial avciage of the whole gioup 
In estimating the effects of the opciation two vaiiablcs must be 
consuleicd, the amount of icduction in accuraev and the absolute 
accuincy following operation Thus Number 21 shows a 50 per cent 
leduction in accuiacy in tcims of but only two per cent in teims 
of the correlation cocfRcicnt, and the postoperative accuiacy is better 
than the aveinqc of normal animals In such a ense wc must con¬ 
clude that the lesion has not involvcil any stiuciuie whicii is of pri- 
maiy impoitancc foi depth perception. 

Cases shovjlng stginficaiu loss Five animals show a postoperative 
reduction in accuracy large enough to be consideicd significant These 
arc, in order of magnitude of the deterioration, Numbeis 20, 13, 16, 
17 and 29, with a langc fioin 252 to 19 pci cent increase in scoics 
Numbeis 28, 23, and 21 also show reduction in accuracy but their 
postoperative scoies arc not significantly woise than the avciage of all 
pieopciativc, so that they may be considered essentially noimal 

Niimbei 29 made a pooi picopciativc lecoid winch become worse 
by 19 pci cent aftei operation The lesion was in the postcrioi half 
of the supeiior colliculus with undercutting of the infeiior (Plate 
2, Figuie 29) This case is contioUcd by Numbci 23 which had a 
moie severe lesion in the same locus and made a postoperative scoic as 
good as the aveiage of preopeiative The slight loss and bad scoie in 
Niimbei 29 theiefoie cannot be ascribed to the opeiation 

The remaining cases which made significantly bad postoperative 
scores (20, 13, 16, 17) all have lesions m the same gcncial legion, 
along the anteiioi boidei of the supeiior colliculi In each case the 
knife cnteied tlie anteiomcsial bolder of the colliculus and passed la- 
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terad thioiigli the pietcctile oi latei.il nuclei into the aicuate and ven¬ 
trolateral or along the innei face of the medial geniculate nucleus The 
lesions are thus, coinplev and difficult to evaluate The lesion is most 
extensive in Numbei 20 In the others (13, 16, 17) the same stiuc- 
tuies arc involved with less extensive destruction 

Number 21 provides a contiol for these ca!>cs In it the damage 
to optic striictuic? na<» moic severe than in Numbei 20 or any of the 
others of the group The optic tract and latcial margin of the light 
supei ior colliculus weic coinplelely destioj'cd on the right and the 
colliculus, pretectile ,ind htteial nuclei invaded on the left Damage 
to optic stiiictures more seveie than in Number 20 was present also 
in Numbers 11, 14, 15, and 18, which showed no postoperative dis¬ 
turbance The pool scoies made bv Niimbcrt. 20, 13, 16, and 17 can¬ 
not he ascribed to the lesions in the optic stiuctuies 

In Number 21 the cuts do not extend as far forwnid into the thala¬ 
mus ns m the aiiiniak which sliowed gi cater loss of accuiacv In the 
latter the lateral nucleus, pars postciior, the arcuate, the vcntiolaternl 
and the medial geniculate nuclei weie m some degree invaded. But in 
the tests of animals with cerebial lesions we have seen retrograde 
degciieration of all of these nuclei unaccompanied by disturbance of 
depth perception The detcnoration in Numbers 13, 16, 17, and 
20 therefore cannot be asciibcd to the damage to thalamic sensory 
nuclei. 

Magoun, Ransmi and Mayer (’35) have shown that the path of the 
pupillary leflex to fight decussates in part thiough the postciior com¬ 
missure, so that damage to this structuic must be taken into consideia- 
tion 111 experiments on the visual functions of the thalamus Text 
Figuie 1 shows intciruption of the posterior commissure in animal 
Niinibci 20, which showed maximal distuibance, It was also intei- 
luptcd m Numbers 16 and 17, which made pooj postoperative SLoies. 
IJiit the pnstenoi cominissine was also cut m Number 12, with no 
postoperative change in threshold foi distance, so that we must con¬ 
clude that this stiuctiiie is not concerned in depth perception. 

Surnrneny Thus foi cveij'^ case showing icduccd accuracj'^ of 
depth perception after lesion to a given thalamic oi midbrani stuicturc 
there are other cases with equally scveie damage to the same structuics 
and with normal oi better than aveiagc noiinal iccoids Also m teims 
of tile amount of damage done, iiicspcctive of the locus of the iii- 
iiines, tlic postopeifltive scoies aie not related to the lesions Altliough 
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a few ammaU sliowed what seems to be a sign!riL.iiit leduction in ac 
cinncv of depth pciccptioti aftei the opciation, it has been impossible 
to con elate this with any specific type of lesion. 

I NTERPRIiTATION 

It seems cleai fiom the above analysis that wheic a dcctcasc in 
accuracy occurred it cannot he asciibed to injuiy to the optic tiacts 
or centers Injury to the sensoiy nuclei of the thalamus is also con- 
tiolled We must theiefoie asciihc the defects of behavioi either to 
some general systemic effects of the opciations apait from the brain 
injury oi to dam.'ige to .some unicnown thalamic tiatts The Inttei 
mterpietation seems impiohablc, since knife cuts tend to follow the 
course of majoi fihei tincts and seemed to pass tluongJ) picdselv the 
same legions in animals which did and did not show deteiiorntion 

Oui next question concerns the completeness of the siuvcy of the 
subcoitical optic structuics covcied bv these cxpciimcnts as a test of 
then function in depth perception The piojcction of the retina upon 
the thalamus and colliculus has been woiked out roughly by Over- 
bosch (’27) foi the labbit and bv Lashley (’34) for the rat, with 
icsults in essential agicemcnt The supciioi tcmpoial quacliant of 
the retina is protected to the antciolatcial quadrant of the colliculus, 
the inferior temporal to the antciomcdial, the inferioi nasal to the 
po'teiomcdial, and the supcuoi nasal to the posterolateial quadrants. 
How fine the localization within the quacliaius may be cannot he de¬ 
termined h\ the Maichi technique used The available evidence indi¬ 
cates thatonlj the contralatctal ictma is rcpiesented in each colliculus. 

Distribution of optic fibcis in the latcial nucleus, pais posteiior 
.ind in the pietcctilc nucleus coricsponds to the most direct path to the 
points of teimination in the colliculus Thus the fibers fiom the 
superior temporal quadrant have the most lateral position and those 
from the superior nasal the most medial Uncrossed fibcis apparent¬ 
ly reach the pietcctile nuclctis, but then source in the retina and dis¬ 
tribution in the nucleus aic not known 

Complete bilateral destruction of the optic tlinlamus or colliculi 
has not been .ichieved in this studv. In Numbers 11, 18, and 21 the 
optic tract vas completely mtcinipted on one side between tire lateral 
geniculate nucleus and the colliculus without destlo^’mg capacity for 
depth discrimination This opeiation should have been effective, if 
the colliculi paiticipatc in leactions to binoculai paiaJInx, Bilateral 
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destruction of the projection areas of the colliculi for the inferior and 
the lower pait of the superior tempoial quadrants was obtained in 
Number 21 This covers the field of maximal acuity of the rat and 
did not .ibobsJ] depth peiception. Lesions m other cases with normal 
postoperative peifoimance have coveicd almost evciy part of the 
optic thalamus, supcjior and infeiior colliciih In Number 21 the 
peduncles of tlie inferior colliculi were complete!)’ severed. Only 
the lateral margins of the superior colliculi remain uncxploicd in 
bilateral opeiatioiis The material was not picpared foi study of fibei 
tract'', so that exact data on injuries to the lower connections of the 
colliculi are not available. The course of the majoi tracts, the tecto¬ 
spinal and tecta pontal, as desciibed foi the rat h)’ Papez and Free- 
man (’30), is such that these tiacts must have been Jestjoved in the 
maiority of animals 

In Numbeis 11, 13, 17, and 21 the pais postciior of the lateinl thal¬ 
amic nucleus was severely injured on one or both sides without signi¬ 
ficant loss of accuiacy in depth pcrccjition and in Numbci 8 of the 
cortical series tlicsc nuclei showed severe degeneration. In none 
of tliesc cases was there a marked reduction in accuiacy after the 
ojicrntion 

The experiments leave open two alternative mteipietations 
(n) The optic thalamus and colliculi do not participate in motor 
ad/ustment to visual distance, (h) TJicse optic stiuctures do contri¬ 
bute to ilic function, but tlie projection field for pait of the supeiioi 
temporal quadrant on one side is capable of mediating the function 
in a noimal manner. This would coi respond to my previous results 
with respect to the function of the binocular field of the striate cor¬ 
tex in detail vision (Lasliley, ’31). 

Other experiments seem to oppose this second inteipretation i have 
shoYvn (Lashlcy, *35) that lesions of the type produced in this study, 
when combined with severe dcstiuction of the striate areas, leducc 
or abolish the capacity to form habits based on discrimination of in- 
teiJsities of light, and Layman ('36) has confiimed this foi combined 
lesions in thd optic thalamus and lateral geniculate nuclei Since in 
these cases the destruction of the optic thalamus was not complete wo 
must conclude that parts of the system are not capable of exeicising 
the functions of the whole The pinblcm is complicated, howevci, by 
our inability to demonstrate any visual defects after lesions in the 
optic thalamtis and colliculi, so long as the gcniculo-striate system re- 
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mains intact ^ Final inteipietation of the data nuist await the de¬ 
velopment of a better understanding of the intcrielations of the 
striate areas and subcoiticnl visual structures. 

In the tests aftei ccicbral lesions it is clear that interruption of the 
optic ladiations interferes with or inhibits jumping This confirms 
earlier unpublished obseivations by Russell and Lashlcy tliat exten¬ 
sive injuries in the lateral halves of the striate aieas (binocular pro¬ 
jection fields) reduce or abolish the accuracy of adjustment of foicc to 
distance in the jumping tests It seems clearly established that the 
visual cortex is essential to the leaction 

Inteipietation of the eftecLs of lesions in the motor aieas is less 
certain The lesions in Numbcis 6 and 7 involve tlie aieas electrical 
stimulation of which induces movements of the hind legs (Lashley, 
’21) and in Numbei 7 this “motor area” for the hind legs was com- 
plc.tely destroyed. This is also the region associated with postural 
adjustments of the hind legs (Bard and Brooks, ’34) Control of 
thc*hincl legs is essential for accurate jumping, yet removal of this 
limd leg area did not interfeie with performance This fact supports 
my inteipretatton of earlier data to the effect that the mechanisms 
activated by electrical stimulation of the cortex are not those con¬ 
cerned with the initiation of adaptive movements (Lashley, ’24) 
Yet the destruction of the frontal regions, including the stimulable 
areas for the head and legs witlwut complete destruction of the hind 
leg area piecludes jumping This result is seemingly an effect of 
the extent of destruction m the motor area 

In these experiments lelatively little difficulty was encountered in 
getting the animals to jump, in comparison with animals in previous 
expenmentsi where combined lesions in the striate coitcx and colliculi 
were involved It seems clear that the leluctance to jump shown by 
the earlier cases cannot be ascribed to a disturbance of depth peicep- 
tion arising from the injury to the subcortical visual centers 

Summary 

'File accui.icy of visual disciimination of distance was tested foi 
lats before and after upeiations involving the optic thalamus and 
colliculi The greater part of the stiuctures, with the exception of 

‘Additional idcnce on this point will be rtporled in a later paper of 
this senes 
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the lateral margins of the colliculi, was explored in bilateial opeia- 
tion*. The optic tract of one side was completely iotc^rupted in the 
region of tlie optic thalamus m several animals Although a few 
animals showed a signiliLant icduction m accuiacv of discrimination 
aftci opeiation it w’as impossible to correlate theii behavior with any 
characteristic of the lesions. Animals with damage to the same 
stuictures and with more severe and widespread injuries made normal 
scores The e\pciimcnts give no evidence tliat the optic thalamus oi 
colliculi pla\ any part m the visual discrimination of distance 
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THE INFLUENCE OF PUNISHMENT ON LEARNING 
WHEN THE OPPORTUNITY FOR INNER 
REPETITION IS REDUCED*' 

The Johns Hopkins UntveisUy and Baliiinote City College 
J M StKPHLNS AND J A. Rabr 


A picvious investigation by Stephens (2) dealt with certain in¬ 
stances in winch a subject has selected the wrong English word as 
the equivalent of a Spanish word and is automatically informed of 
his erior In that investigation it appeared that, continry to the 
lesiilts of similar investigations by Thorndike [(3) Chap XI], the 
subject was less likely to choose that same word in the future than 
he M’ould have been had he icccivcd no information regarding his 
success or failuic It happened, however, that in Stephens’ study the 
subject had considerable cliance deliberately to mcmoiizc the success 
of his choices, perhaps lepcating to himself "hard is not the answer to 
dm antej hout is not the answei to hoy” and so foith In a private 
communication Professor Thoindikc suggested that thii* possibility 
of drill or innci lepctition might account for the difference in lesults 
Latci Thorndike published the lesults of an experiment (4) in 
which he had examined the influence of such mnci repetition when a 
subject is told tliat he is light It is difficult to judge the depend- 
< ability of the figuics but taking them at their face value it would 
appeal that foi nine subjects who claimed that they did not oidinarilv 
employ such inner repetition, instiuctions to icfrain from drill reduced 
the influence of “right 

It seemed wise to modify the expciimcnt so that the oppoitunity 
foi dull would be icduccd as much as possible 

A second asjKct of the fiist investigation also called foi additional 
tieatmcnt In that investigation the influence of punishment was 
gicatcst in the case of those connections which weic initiallv strong 
enough to peisist from one day to the next. This suggested the 
possibility that punishment worked “noiraally” on strong connectioni. 
but bad slight influence on connections that weie not well established. 
In order to check this possibility we introduced an additional means 

^Accepted foi piililication by Buford Johnson of the Editoiial Boaui, and 
received in the Editorial ORicc on February 3, 1937 
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of determining: the stiength oi degree of ceitamtj’ of the original 
choice 

Procedure 

Each suhjcLt was given the Amciicaii Council Jleta Spanish Test, 
Form A I'lic test is of the multiple choice tvpe On the fir«!t day 
subjects were told to undeiline the choice once if it was a guess, twice 
if It was a ‘^‘huncli’' and tliiee times if they felt lathei ceitain No 
infoimation regarding the coiiectness of the choice was available 
at this sitting, 

On the second daj' the subjects sat at a special table and viewed 
the questions as thev passed undei a slot This slot levealed at one 
time one line of punt containing a Spanish woid and the five 
English nltcrnativcs About 9 oi 10 seconds elapsed between the 
emergence of tlie line fiom the bottom of the slot and its disappenrnnce 
at the top. In this time the siihiect had to icad the words, make his 
choice and with a stylus punch n hole thiougli the woid he selected 
As the stj'lus passed through the pnpei it completed an clectiicnl cir¬ 
cuit through a light which icvenlcd thiough the papci and directly 
under the word punched eithei an R, a JFi a nonsense symbol, or n 
blank circle of light The punching could take place only near the 
top of the slot so that tliere would be very little time between the 
occiiirence of the signal and the appearance of the next line 

The procedure on the third dai was pieciselv the same as that on 
the first day 

Apparatus 

A tabic about 2*4 feet by 4J4 feet was built aiound a loller thice 
inches m chametei and 4J4 feet long, made of wood and centeied on 
a steel shaft, mIucIi piojcctcd fiom each end (A large lollei used 
to operate the canvasses on a giain bindci proved excellent for this 
puiposc ) 'i'he roUei was placed m the fr.ime so that it lan longi- 
tudinallv along tlie ccntei of the table, Paiallel to tlie loller but 
about 15 indies away from it on each side weie stiips of wood con¬ 
taining the mechanisms for activating the lights 

The words were numeogiaphed on three separate sheets and these 
were pasted together to form one long sheet This sheet was thumb 
tcickcd to the roller and fed ovei the parallel strip under and between 
guide-, As the roller rotated, the sheet of paper was pulled acioss 
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fhe ship of wood Tl>e table was so constiuctcd that foui of tiiese 
long sheets could be attached to the roller at once, two coming in 
fiom each side. In this way foiii subjects could paiticipate at one 
time. 

On the back of the sheet of paper was pasted another sheet 
having on it the symbols K, JF, nonsense symbol, oi (in about half the 
cases) blanks Thej' were printed in minor image (simply by rc- 
vcismg tile mimeograph stencils) and the two sheets pasted together 
back to back The sheets were arranged so that the symbol was 
diicctlv undci the coiicsponding woid These sj'mbols, obscured 
hv two thickne'*'cs of papei, could not be seen unless light was applied 
fiom behind the paper 

In Older to .icconiplish the lighting, one bank of five flashlight lamps 
was sunk in tlic wooden stu’p at the place whcic cacli sheet of paper 
was drawn across A contact was placed neai each lamp in such a 
way that the light fiom the coiresponding lamp icvealcd the symbol 
diiectlv undci a given woid whcnevei the stylus punched through 
that word and touclied the contact 

A sheet of beavciboard covered the whole tabic In this beavei- 
boaid the four slots were cut, one over each bank of flashlight lamps 
A sheet of celluloid coveicd each slot. Holes drilled in the celluloid 
diiectly above the contacts, acted as guides 

We might note in passing tliat this method of applying symbolic 
rewauls and punishments proved to be veiy satisfactory It is 
simple and cheap (The chief expenses weic $2,50 for the loller 
and $1 00 for flashlight lamps The rest of the material came from 
ordinary laboiatoiy equipment Consideiable labor was involved in 
preparing the sheets and pasting them together ) By using a longei 
roller (such as those often used for awnings) or by coupling several 
tables together by gears or chain diivcs, any desired number of sub¬ 
jects could be accommodated at one time For those who find the 
more elaborate Loige-AVaits. (1) appaiatus too expensive, this device 
may be an acceptable substitute. 

Results 

For each woid punched on the second dav we have data to answci 
the following questions 

(ft) Is this the word that was chosen on the first day^ 

(/>) How certain did the subject feel of his first daj^’s choice^ 
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(r) Wliat informatjon did he receive on the second day after 
punching the word? 

(<•/) Did he choose the same woid on the thud day? 

The infoimation in both items (a) and (Z>) is to help classify 
the choices into strong and weak connections. 

T.nble 1 permits the comparison of the present expciiment in 
which thcic was little opportunity for drill with the previous 
expciiment in which dull may have taken place It will be seen 
that apait fioni two disciepancics, the icsults of the two expen- 
inents aic siirpiisingly consistent. Wc note one discrepancy in the 
case of the influence of the nonsense symbol on weak connections, 
This difference of I0±:3 9 is none too dependable hut it does suggest 
that a meamnglesb symbol may be more likely to strengthen a weak 
connection when the time is limited than when the time is unlimited 
On the othei hand the influence of the nonsense symbol on the strong 
connections seems unaffected bv the i eduction of time. 

The other discrepancy couceins the chief point of issue in the 
experiment The influence of "wrong” on strong connections is 
maikcdly less when tlic opportunity foi drill is reduced In fact 
when drill is icstnctcd the value foi "wrong” is only 6±2 6 oi 
8±3 1 less than the value foi the blank light or the nonsense symbol 
lespectiveh, Tliat is to say there is some loom foi question as to 
wliethci wrong has a//y dctcrient effect on the strong connections 
when the opportunity for drill is reduced. 

In the second part of our problem we wished to see if a different 
measure of stiengtli would icveal any moic definite lelation between 
the strength of ihe connection and its susceptibility to punishment. 
Two criteiia of strength weic employed foi this puipose, the one 
already used, ic, pciMsteiice fiom the fiist to the second day, and a 
second one consisting of the subject’s lating of his degree of ceitainty 
These latings were originally in one of duec rubiics "guess,” 
"liiincli,” and "ceitain ” Theie weic, liowcvei, veiy few choices lated 
as cert.un and these weie lumped with "hunch” choices, giving us 
guess choices and choices bettci than guess Thus each choice could 
be classified as cithci pcisisting to the second day or not persisting 
and as eithei being bcttci than guess oi meic guess 

The use of such a two-bv-two classification necessarily reduces 
the numbci of cases in each cell This disadvantage may be ovcicome 
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to some extent by including data not given in Table 1. These addi¬ 
tional data are probably not strictly compaiable to the original data 
since they were obtained from high school students. Moreover two 
different lates of speed were used foi diflEcient membeis of the high 
school students. Consequently there may be some doubt as to the 
wisdom of combining such data. For that icason we give the results 
foi both college students alone and foi college and high school stu¬ 
dents combined 

In the case of neithei the college students alone nor of the combined 
groups does there appear any marked oi dependable tendency for 
"wiong" to opeiate moie effectively on strong choices than on weak 

As a supplement to Tabic 2 and as a condensed account of the 
data presented so fai, we give m Table 3 a summary of the differ¬ 
ence between the value of “wiong” and the value of the two con- 
tiols The coiresponding data foi the first four lines in Table 3 
come from Table 2 In the case of the last two lines, the conespond- 
mg data foi tlie college students appeal in Tabic I, while in these 
two lines the coriesponding data foi the combined groups do not 
appear elsewhere 

Table 3 beais out the view indicated by Table I. Although 
in the compaiisons indicated by an asterisk we find differences 
more than 2.5 times tlieir probable errors, m no case can we be 
reasonably sure that “wrong” icallj' weakens a connection. Of course 
with several types of compaiisons yielding diffeicnces bordering on 
significance,' some influence is stiongly suggested 

Summary 

In a previous cxpciiment which pcimittcd consideiable opportunity 
for diill 01 inner repetition it was found that punishment (a signal 
for "wrong”) definitely weakened initiallv strong connections When 
that cxpciiment was icpeated with the oppoitumty foi drill or innei 
repetition reduced, the strong connections were much less influenced 
by punishment In fact, though some influence of punishment was 
suggested in most types of comparisons, m none of these do we 
find the influence of "wrong” to be significantly different fiom that 
of the contiols. 
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SHORT ARTICLES AND NOTES 


SOME EXPERIENCES WITH THE PRESSEY X—0 TEST USING A 
GROUP OF NORMAL ORPHAN CHILDREN IN A SUPERIOR 
INSTITUTIONAL ENVIRONMENT*^ 

Harold A Koiin* 

In connectian with a moie extensive research proRmin now in progiess, 
118 giilti and 149 hoys from the ninth thioiigh the twelfth grades of the 
Mooscheait High School weie examined by means of the Presscy X-0 
Test, Foim B The data were analyzed for sex and giadc difTcienccs and 
for connections with hehavioi disoiders Cential tendency and leliability 
mcasiues when the test la scored for “total emotionality" or '‘affeclivity’’ 
(combined scoics) by sexes, are given in Table 1 

TABLE 1 

&FX DirniiBNCLs in Total EMonoNALiTv or Afiuctivitv 

N Mean Median SD S£ Q 

Boys 149 142 95 146 55 38 54 3.15 30 52 

Girls 113 143 SI 145 00 41 38 3 81 2445 


The reliability of the difference between the two means in terms of the 
sigma of the difference is 4 94. The difference between the means is 86 

D 

points The ■ is 17 It is thus clear that there does not nppeni 

9 diff 

to be any reliable sex difference as regards to the total emotionality scores 
using the present sample The reliability of the difference between the 

D 

two medians expressed in terms of - is 37 Again there does not 

P.E diff 

appear to be any sex difference of a reliable chara«ci ns regards the total 
emotionality scores of high school students in our situation Picssey finds 
such diffciences to be operative (1) In Table 2 our dnta are compaied 
with those of Pressey m this connection 

*Rccommendcd by Maitin L Rcvmcrt, and received in the Etiitoiinl 
Office on January 21, 1937. 

^Mooscheart is an international school and home owned and operated 
by the Loyal Order of Moose for the care and training of dependent 
childicn of deceased members of the Fraternity 

‘‘My especial tlianbs and sincere appieciation are extended to Di Martin 
L Reymert, the Director of the Mooseheart Lahoiatory fox Child Research, 
for his invaluable advice and encouragement in this work 
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TABLE 2 

Co.\lPARISCJN QI PRkbStY AND MOOSPHFARY DATA \J* RrGARDS bhX DIFFERENCES 
IN Total Emotionaiaiy 


Grades 

Piessey Norms 
Boys Girh 

Mooseheait 

N Boys 


D/ila 

Girls 

Total N 

9 

171 

171 

37 

158 

20 

170 

57 

10 

164 

167 

3S 

ISO 

41 

143 

79 

11 

1S9 

163 

25 

143 

12 

150 

37 

12 

158 

162 

51 

139 

43 

141 

94 
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In nnnEy^lng the ctilFcrciicc between the iitctlians as gnen in the nbove 

D 

table It 18 fmmd that m no case does the ■ yield a lellabiUty 

PE HifT 


(igiirc ns great as 3 0. There appears to be no signilicant difFerence between 
the total emotionality or "affectivlty” scoics of boys and girls considered by 
grade, from the ninth thiough the twelfth year It was thought thnt per¬ 
haps slight changes between gills’ and boys’ scoies for the grades from 9 
through 12 may reveal significant cumulatii'e changes between grades It 
IB evident from 'I'alilc 3 below that tlicie docs not nppcni to be any 
cumulative change between grades, indicative of a significant tiend in the 
case of either sex 


TABLE 3 

RBLIADlLm OF DIFFBREVCES OF BOYS’ AMO GlRLS' SCORES FOR THE DIFFERENT 

Grades 


D 


Grades 

N 

Median 

P.E diff 

Chances i 

9 

20 

170 00 

.76 

69 

10 

42 

142 50 

82 

71 

11 

12 

150 00 

.SO 

63 

12 

43 

140.83 



9-U 


170.00-15000 

48 

63 

9-12 


170 00-140 83 

77 

69 

9 

37 

158 30 

87 

72 

10 

37 

150 00 

80 

71 

11 

25 

143 00 

46 

62 

12 

51 

139 16 



9-11 


158 30-143 00 

1 60 

86 

9-12 


153 30-139 16 

2 07 

92 
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Table + below summai ize<i the findings with rtspcci to gi.ule place¬ 
ment and total affectivity, as compared with the Pressey data It will be 
noted that while oiir data do not appear to be much different from the 
Pressey as to score, the trend is markedly different In computing the 
reliability of the median differences between successive grades for our 

D 

data we in no case found a -as high as +.0 The ereatest reliabilitv 

PE diff ^ 

figure was 2 2+ (93 chances in 100) between grades 9 and 12 

TABLE 4 

PREssfcY Grade Norms for Total Affpctiviiy Comparfd with Moosfhlart 

Data 


Norvi Moosehfati Data 


Grade 

Median 

Gin le 

Median 

N 

9 

137 

9 

159 

57 

10 

165 

10 

147 

79 

11 

175 

1 1 

143 

37 

12 

170 

12 

140 

94 
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Pressey states, “The tests should make a verj’ convenient means for 
research in dealing with delinquents, neurotics, or other atypical individuals 
where disorders of the emotions and sentiments may he expected” (2), 
With this purpose in mind one of otii clinical psychologists kindh assisted 
by selecting 41 boys and 15 girls, who had been referred to the Laboratory 
as in need of psychological cate, to whom Pressey X-0 Form li was ad¬ 
ministered Children referred for organic defect, or retardation in the 
school system due to low intelligence wpic excluded fiom this gioup The 
56 cliildien had been refeired for gencial mal-adjustment, stealing, un- 
tnistworchincss niul olhcc behavior disorders sinillai to those found in any 
noimal community The non-pioblem gioup consists of 102 girls and 114 
hoys The median scoies foi total emotionality of the behavior problem 
hoys and girls respectively was coniiastcd with the median scores of non- 
problem hovs and giils The findings togcthci with (he reliabilih of the 
differences in the medians foi both groups are presented in Table 5 It is 
thus evident that no significant differences exist between problem and non- 
problem children using the Piessey X-O Foini B sshen it is scored foi 
(oral emotionality, and using the present sample 

Due to the amount of labor involved, the test was not scored for devia¬ 
tions from the modal word The discicpancy between the Pressey and 
the Moosehcart data may’ then have two possible explanations {/t) the test 
is unsatisfactory [this is admitted by the authors (3)], oi (b) the present 
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TABLE 5 

Dii'FERFNCLS IN Totai. EMOTiOMAUrr, Problpm and Non-Problem Children 
_ - 


N Percent Pioblem Median Scores FEi di(i. 


Problem Boys +l 

ISO? 

1+6 

17 

Non-Problem 114 


1+S 


Problem Girla IS 

S 51 

135 

146 

Nnii-Problem Girls 102 

20 58 

14+ 



results may be conditioned by our peculiar environment, which by foice 
(if ncceasky, must be much more uniform than any sample taken from a 
ffcncial public school It is probable that both factors are opeiativc in con* 
ditionlng our lesults While Moosehcart may be regarded as a superior 
school and home environment, it should piove interesting to examine sirnllar 
•lamples in aveiagc orphanage^ clseirhere 

Conclusions 

1 Using the sample herein described there appear to be no significant sex 
differences m total emotionality or affcctivity ns ineastiiec! by the 
Pressey X-O Test Form B. 

2 No signilicnnC difFcrences are apparent between scores of the high school 
students of successive grades. 

3 This test, m our environment, does not reveal significant differences In 
the total atTectivity scores of problem and non-piobicm ctiildien of either 
sex 
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AND FRUSTRATIONS* ^ 

Instihiie of Edncflliotinl Research, Teachers College, Columbia Unwcnit} 


Edward L Tiiorndikc 


Bcttei knowledge of the attitudes of people towaid prospective 
"disutilities’* in the form of pains, discomfoits, deprivations, degra¬ 
dations, fiustiations, rcstiictions, and otliei undcsired conditions is 
obviously impoitant The best appioach is thiougli direct observa¬ 
tions and cxpeiiments, and we plan to make such But the opinions 
of persons concerning then attitudes aie by no means valueless, if 
used reasonably For example, the answcis reported to the set of 
questions printed below by vatious individuals arc instructive in 
a number of ways (The two numbcis after each item did not 
appear on the list as it was read by the person, they are inserted here 
for economy’s sake and icpiescnt the median demand by a group of 
60 students and teacheis of psychology and by a group of 39 unem¬ 
ployed men and women, under 30 yeais of age, mostly college grad¬ 
uates. But it will be best if the reader pays no attention to these 
numbers at present.) 

Name ... . Date 

For how much money, paid in cash, would you do or suffer the fol¬ 
lowing? Write the amounts on the dotted line. You must suppose tliat 
the money can be spent on yourself only and that whntcvcr you buy 
with it IS destroyed when you die. You cannot use any of it for your 
fiiends, relatives or chanty® 


•Received in the Editoiial Office on Febiuary 3, 1937 

*The observations reported in tins article aie one item in a project sup¬ 
ported by a giant from the Carnegie Corporation 
^I'he restrictions of the last tivo sentences were made in order to keep 
the calculus of pains, deprivations and frustrations free from a calculus 
of benefits to others than oneself I doubt whether this result was fully 
attained and think that the same experiment with no liniitniions on the 
use of the payments would be even moic instinctive 
What liappens in the case of most persons m responding to these 51 
questions is that certain of the deprivations, etc, seem unobjectionable and 
are estimated at zero or some nominal small sum, certain others are re¬ 
garded as utterly intolerable, and evote “No sum laige enough,” “There is 
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1 Have one upper front tooth pulled out [$5000, $4500] 

2i Have all your teeth pulled out [$1,000,000, $750,000] 

3 Have one ear cut off [No sum, $1,500,000] 

. ,4 Have your left aim cut off at the elbow (right arm if you prefer) 
[No sum, $2,500,000] 

5 Have a little finger of one hand cut off [$75,000; $200,000] 

. 6 Have the little toe of one foot cut off [$10,000, $57,000] 

. 7 Become entirely bald [$750,000, $75,000] ] 

...8 Have all the haii of your eyebrows fall out [$100,000, $25,000] 

9. Have one leg cut off at the knee [No sum; $40,000,000] 

, 10. Have both legs paralyzed [No sum; $40,000,000] 

11, Have small-pox, recover perfectly, except for about 20 large pock¬ 
marks on your cheeks and forehead. [No sum, $1,000,000] 

. ,12 Become totally deaf, [No sum, $100,000,000] 

, ,13 Become totally blind [No sum, no sura] 

.14 Become unable to chew, so that you can eat only liquid food 
[No sum; $10,000,000] 

.. .15 Become unable to speak, so that you can communicate only by 
writing, signs, etc [No sum; $15,000,000] 

. .16 Become unable to taste, [$1,000,000; $5,000,000] 

. 17. Become unable to smell, [$300,000, $150,000] 

. 18 Reouirc 25 per cent more sleep than now to produce the same 

(iegree of rest and recuperation [$100,000, $37,500] 

...19 Fall into a trance or liibeinatlng state throughout October of 
every year [$300,000 , $325,000] 

. 20 Tall into a tiance or hibernating state throughout March of every 

year. [$200,000, $400,000] 

,,, 21* Be temporarily insane throughout July of every year (manlc- 
depresslon Insanity, bad enough so that you would have to be 

f ut In an insane asylum, but with no permanent 111 effects) 
No sum; $2,500,000] 

.32 Same as 21, but for two entire years now,‘ with no recurrence 
ever again [No sum; $5,000,000] 

.. 23 Have to live a'll the rest of your life outside of U S A. [$200,- 
000, $150,000] 

. . .24 Have to live all the rest of your life in Iceland. [No sum, $1,000,- 
000] 

.. 25. Have to live all the rest of your life in Japan [$1,000,000; 
$500,000] 

,26. Have to live all the rest of your life in Russia [$1,000,000, 
$150,000] 


not enough money," "$1,000,000'”” and the like; certain others are re¬ 
garded as not so utterly intolerable and rated at 100 million, 10 million, 
5 million or other large sums Some of the others are given amounts 
which represent what the person thinks would induce him to do or suffer 
the thing In question and which therefore correspond roughly to their rela¬ 
tive dements from his standpoint, but many are given amounts which 
seem to lit the scale he has established by his ratings up to that point, 
without close consideration of each as the atimulus to bargaining. 

•By my error the 21 was printed as 20, but the nature of the text led 
many of the subjects to treat it as 21 The valuations of this item are thus 
ambiguous, 
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. 27 Have to live all the rest of your life in Nicaragua [$1,000,000, 

$500,000] 

28. Have to live all the rest of your life in New York City [$50,000; 
$25,000] 

, 29 Have to live all the rest of your life in Boston, Mass. [$100,000, 

$50,000] 

, 30 Have to live all the rest of your life on a farm in Kansas, ten 

miles from any town [$1,000,000, $300,000] 

. ,31 Have to live all the rest of your life shut up In an apartment in 
New York City You can have friends come to see you there, 
hnt cannot go out of the apartment [No sum; $60,000,000] 

32. Eat a dead beetle one inch long [$5,000; $5,000] 

33 Eat a live beetle one inch long [$25,000, $50,000] 

. 34 Eat a dead earthworm 6 inches long [$5,000; $25,000] 

. 35. Eat a live earthwoim 6 inches long. [$10,000, $100,000] 

. 36, Eat a quarter of a pound of cooked human flesh (supposing that 

nobody but the person who pays you to do so will ever know it). 
[$1,000,000; $100,000] 

. 37 Eat a quarter of a pound of cooked human flesh (supposing that 

the fact chat you do so will appeal next day on the front 
page of all the New York papers). [No sum, $7,500,000] 

, 3S. Drink enough to become thoroughly intoxicated. [ $100, $50] 

39 Choke a stray cat to death. [$10,000; $10,000] 

40 Let a harmless snake 5 feet long coil itself round your arms and 

head. [$S00, $100] 

. 41 Attend Sunday moining service in St. Patrick's Cathedral, and in 
the middle of the service run down the aisle to the altar, yelling 
"The time has come, the time has come” as loud as you can 
until you are dragged out. [$100,000, $lj000] 

.. 42 Take a sharp knife and cut n pig's throat. [$1,000, $500] 

. ..43. Walk down Broadway from 120th Street to 30th Street at noon 
Wearing evening clothes and no hat [$200 ; $100] 

44 Spit on a picture of Charles Darwin. [$20, $10] 

45 Spit on a picture of George Washington [$50; $10] 

. 46 Spit on a picCuie of your mother [$10,000, $25,000] 

. 47 Spit nn a crucifix [$300, $5] 

.. 48 Suffer for an hour pain as severe as the worst headache or tooth¬ 
ache you have ever had [$500, $250] 

. 49 Have nothing to eat but bread, milk, spinach and yeast cakes for 

a year [$10,000, $25,000] 

50 Go without stigni in all foims (including cake, etc), ten, coffee, 

tobacco, and alcoholic dunk, for n year [$1,750, $2,000] 

51 Lose all hope of life after death [$6,500, $50] 

I shall discuss fiist the reports made in April, 1934, by a group 
who had been employed for three months by the C W. A as subjects 
in experiments in adult learning, and who were accustomed to tak¬ 
ing all sorts of tests and answering all sorts of questions. They 
consisted of males under 30, females under 30, males over 40 and 
females ovei 40, and covered a wide lange of intellectual ability and 
amount of education, though the majority were college graduates 
of much above average intelligence 
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. 1 Have one upper front tooth pulled out [$5000, $4500} 

. 2 Have all your teeth pulled out [$1,000,000; $750,000] 

3 Hove one car cut off [No sum, $1,500,000] 

4, Have your left arm cut off at the elbowr (right arm if you prefer) 
[No sum; $2,500,000] 

S Have a little finger of one hand cut off. [$75,000, $200,000] 

.6, Plave the little toe of one foot cut off [$10,000 ; $57,000] 

. 7, Become entirely bald [$750,000, $75,000] ] 

1 S. Have all the h.iu of your eyebrows fall out. [$100,000, $35,000] 

. , 9 Have one leg cut off at the knee [No sum, $40,000,000] 

10 Have both legs paralyzed. [No sum, $40,000,000] 

11 Have small-pox, recover perfectly, except for about 20 large pock¬ 

marks on yoiii cheeks and forehead [No sum, $1,000,000] 

. 12 Become totally deaf [No sum, $100,000,000] 

,, ,13 Become totally blind [No sum, no sum] 

. 14. Become unable to chew, so that you can eat only liquid food 
[No sum, $10,000,000] 

.. 15 Become unable to speak, so that you can communicate only by 

writing, signs, etc [No sum, $15,000,000] 

.. 16 Become unable to taste. ($1,000,000, $5,000,000] 

17 Become unable to smell. [$300,000; $150,000] 

. 18. Reauire 25 per cent more sleep than now to produce the same 
degree of rest end recuperation [$100,000; $37,500] 

. ,19. Fall into a trance or hibernating state throughout October of 

every year [$300,000, $125,000] 

...20 Fall into a trance or hibernating state throughout March of every 
year. [$200,000, $400,000] 

. 21 Be temporarily insane throughout July of eveiy year (manic- 
depression insanity, bad enough so that you would have to be 
put In an insane asylum, but with no permanent ill effects) 
[No sum; $2,500,000] 

.. 22. Same as 21, but for two entire years now,‘ with no recurrence 
ever again. [No sum, $5,000,000] 

. . 23 Have to live a'lt the rest of your life outside of U S A. [$200,- 
000, $150,000] 

...24. Have to live all the vest of your Me lo Iceland, [No sum, $1,000,- 
000 ] 

., 25. Have to live all the rest of your life in Japan [$1,000,000, 

$500,000] 

.26. Have to live all the rext of your life in Russia [$1,000,000; 
$150,000] 


not enough money,” "$1,000,000’®*,” and the like; certain others are re¬ 
garded as not BO utterly intolerable and rated at 100 million, 10 million, 
5 million or other large sums Some of the others arc given .amounts 
which represent what the person thinks would induce him to do or suffer 
the thing in question and which therefore correspond roughly to their rela¬ 
tive dements from his standpoint, but many are given amounts which 
seem to lit the scale he htas established by bis ratings up to that point, 
without close consideration of each as the stimulus to bargaining. 

*By my error the 21 was printed as 20, but the nature of the text led 
many of the subjects to treat it as 21 The vatunlions of this item are thus 
ambiguous 
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27, Have to live all the rest of your life in Nicaragua [$1,000,000, 

$500,000] 

28. Have to live all the rest of your life in New York City [$50,000; 

$25,000] / L-P . , 

29 Have to live all the rest of your life in Boston, Maas, [$100,000; 
$50,000] 

.30 Have to live all the rest of your life on n farm in Kansas, ten 
miles from any town [$1,000,000, $300,000] 

, .,31 Have to live all the rest of your life shut up In an apartment in 

New York City You can have friends come to see you there, 

but cannot go out of the apartment. [No sum, $60,000,000] 

32. Eat a dead beetle one inch long [$S,000, $5,000] 

33. Eat a live beetle one Inch long. [$25,000, $50,000] 

34. Eat a dead earthAvorm 6 inches long [$5,000; $25,000] 

. . 35. Eat a live enrthwui'in 6 indies long. [$10,000, $100,000] 

36 Eat a quarter of a pound of cooked human flesh (supposing that 
nobody but the person who pays you to do so will ever know it). 
[$ 1 , 000 , 000 ; $ 100 , 000 ] 

. 37 Eat a qiiaitcr of n pound of cooked human flesh (supposing that 
the fact that you do so will appear next day on the front 
page of all the Now York papers) [No sum; $7,500,000] 

. 38 Dunk enough to become thoroughly mtoxicatccl, [ $100, $50] 

,39 Choke a stray cat to death. [$10,000, $10,000] 

40 Let a harmless snake 5 feet long coil itself round your arms and 
head [$500, $100] 

, . 41 Attend Sunday morning service in St Patrick's Cathedral, and in 
the middle of the service run down the aisle to the altar, yelling 
"The time has come, the time has come" ns loud rb you can 
until you are dragged out [$100,000; $1,000] 

42 Take a sharp knife and cut a pig's throat [$1,000; $500] 

. 43 Walk down Broadway from I20th Street to 80th Street at noon 

wearing evening clothes and no liat [$200; $100] 

44. Spit on a picture of Charles Darwin. [$20, $10] 

45. Spit on a picture of George Washington [$S0, $10] 

46 Spit on a pictuie of your mother. [$10,000, $25,000] 

, 47 Spit on a crucifix [$300, $5] 

....48 Suffer for an hour pain as severe as the worst headache or tooth¬ 
ache you have ever had [$500, $250] 

. 49. Have nothing to eat but bread, milk, spinach and yeast cakes foi 
a year [$10,000, $25,000] 

50 Go without sug.ar in all forms (incliulnig ciikc, etc,), tea, Loffee, 

tobacco, and alcoholic drink, for n year [$1,750, $2,000] 

51 Lose all hope of life after death [$6,S00, $50] 

I shall discuss first the reports made in April, 1934, hy a group 
who had been employed for thiee months by the C. PF. A, as subjects 
in expel iments in adult learning, and who were accustomed to tak¬ 
ing all sorts of tests and answering all sorts of questions They 
consisted of males under 30, females under 30, males over 40 and 
females over 40, and covered a wide range of intellectual ability and 
amount of education, though the majority were college graduates 
of much above aveiage intelligence 
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In spite of their wide experience as subjects in psychological 
tests and experiments, some were so overcome by the novel task that 
they would make no estimates or only for a veiy few of the 51 
injuries, depiivations, repulsive acts, etc. Some reported that no 
amount of money would induce them to do or suffer any of them. 
These repoils, though apparently absurd, may be sincere 

The most stnkmg fact about the reports m general is the absurd 
magnitude of the bids, The loss of one little toe is put as p: iceless 
by one-fifth of the group, and at from $50,000 to $10,000,000 by 
another fifth. The median valuation is near $25,0001 An hour of 
the severest pain known to the person is put at $250 or over by half 
of the young men, and at $500 or over bv half of the young women 
Half of the gioup icquned over $50,000 for eating a beetle or worm 
(avciage for living and dead). Only a fifth make bids under 
$1000. The impairment of physical attiactvvencss by the loss of one 
car and both eyebrowH, total baldness, and the presence of 20 pock 
maiks totals a million dollars for over three-fifths of the group 
The deprivation from sugar for a year is put at $1000 or more by 
three fourtiis of the group. Similar utterly unreasonable estimates 
appear throughout The median estimates for 19 men and 20 women 
under 30 appear as tlic second of the two numbers printed after 
each item. 

Why did these persons put these absurdly high valuations upon 
suffering these imagined injuries, deformities, degiadations, etc.? 
The first possibility to considei is that many of them did not take up 
any of the suppositions seriously, that their estimates were given 
carelessly and leprcsentcd only a general pronounced negative atti¬ 
tude. There Is this much truth in this supposition* namely, that (a) 
voluntary acceptance of some of the suggested calamities is to many 
individuals so utterly intolerable that they cannot bring their minds 
to consider It, and that (b) this attitude occasionally tiansfcrs to 
act and sufferings winch, had they been piesented alone, would 
have been rated much moic reasonably The first fact is important 
It illustrates a strong tendency in mankind to lefuse to face personal 
calamities in imaginative bargaining in any straightforward, intel¬ 
lectual way, other than to uttcily eschew them. 

There were two flippant reports and probably some careless ones, 
but the reports of persons whose characters guaiantee their co¬ 
operation and sincerity are not observably different from those who 
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might be suspected of caiclcssness. Moreover, as will be shown later, 
reports from members of the Psychology Club of Teachers College 
show the same general facts as these 

There is also intcinal evidence that most of the reports are genuine 
expressions of opinion. For example, the requirements to balance 
personal disfiguiement of 3, 7, 8, and 11 are higher for young 
women than for young men and aic very much lowci for old men 
than for the others. The requirements to balance eating beetles and 
worms are enormously higher for the women than for the men The 
payment for spitting on a crucifix ranges from 0 to infinity. The 
relative payments required are reasonable within any group of com¬ 
parable items (such as 1, 2, 3, 4, 5, 6, 9, and 10; or 12, 13, 16 
and 17, or 24, 25, 27, and 29) There is little or no concealment 
of unorthodox traits, for example, a quarter of the group reported 
less tlian $10 for their hope of tmmortaluy It may be objected 
that all the bids of over a half a million fire proof of caiclcssness, 
since the assumption was to be that the money could be spent only 
on one’s self, and since for that purpose an annuity of $25,000 or 
more would be as good as any larger amount But n neglect of this 
fact in the process of making comparative estimates is not a proof 
of general carelessness We must, I think, accept the gieat majority 
of the absurdly high bids as genuine expressions of the persons’ 
attitudes. 

How well these attitudes prophecy what the persons would do if 
real money offers were made can only be surmised. Doubtless there 
would be many changes, mostly downward, but I believe that essen¬ 
tially uneconomical refusals and requirements would remain for 
many items It may seem incredible that any persons needing 
money as much as these recipients of public funds did would not 
gladly sacrifice one toe for $5000, or endure an Irour of pain for 
$100, or eat a beetle for $500, or cut a pig’s throat for $100, or cat 
34 pound of cooked human flesh secretly for $10,000 It is, how¬ 
ever, credible to the writer because of two facts. First, a person 
mav know that a certain course of conduct is to his advantage and 
ardently wish to do it, but be prevented from doing so by an inner 
compulsion Second, the essence of the transaction may not be the 
temporary nausea or misery, but the permanent remorse, loss of 
self-respect, or other torment These two facts are of general im- 
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portance The obsessional powei of certain tabus, notions, habit>, 
etc, IS widespread Just as certain peisons simply cannot take the 
wiggling worm and chew it up, so certain workers simply cannot 
change their trade, ceitam farmers cannot give up their profitless 
farms and work under orders m a factoiy, certain artists cannot 
do as they arc told. They may wish to do so, but thcii natures 
must be changed in radical ways to make it possible. The force of 
sclf-appioval is enormous because it acts incessantly and is mescap- 
able, Some psychiatrists believe that it is literally true that persons 
will become insane in order to retain it The approval of others 
operates in large measure by making a person content with himself 
The seif could endure his lot in laigc measure because he could 
respect himself in Ids status as the lotd could in his. Wc arc nil 
prone to blame luck or favoritism or the goveinment rather than oui 
own, ineptness Whatever its supernatural powers may be, leligion as a 
natural phenomenon has had much of its power because it could 
put man at peace with himself 

A third important fact is suggested by the high prices set upon 
tlic various acts and sufferings; namely, the undervaluation of insur¬ 
ance against hungei, cold, and exposure. Among the items were 
some which would (at least in ninety-nine persons out of a hundred) 
entail no conflict with any obsession and no loss of social approval oi 
self approval Any penniless person who had a realizing fear of physi¬ 
cal miseries would picsumably gladly buy insurance against them at 
the cost of a finger and toe, or of being unable to smell, or of eating 
only bread, milk, spinach and yeast cakes for a year. But even for 
the last we have over a third of the persons demanding $50,000 or 
morel The realizing fear was probably absent in many of the group. 
They probably had never had any protracted experience of hunger 
and cold, and took it for granted that somehow the world would 
feed and clothe them as it always had done And this is true of 
a very large proportion of the population of the United States 
Many of us are so used to food, clothes, and shelter that we do not 
thank either God or the social order foi them, nor even consider 
that the provision might fail. 

To the extent that the reports represent genuine attitudes toward 
reality, wc may use them as indications of real motives For ex¬ 
ample, items 3, 7, 8 and II {have one ear cut off, become eninelv 
bald; have all the hair of yout eyebrows fall out; have small-pox and 
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recovei perfectly, except foi about 20 latge Pocbmaih on your cheeks 
and foiehead) cnncein personal appearance pnmaiily. Items 14, 16, 
17, 48, 49, and 50 {become unable to chew, so that you can eat onl\' 
liquid food, become unable to taste, become unable to smell, suffer 
foi one lioiit patn as severe as the woist headache ot toothache you 
have evei had, have nothing to eat but bread, milk, spinach and 
yeast cakes foi a year, go without sugar m all foims—includuiq 
cake, etc ,—, tea, coffee, tobacco, and alcoholic dunk foi a yeai) con¬ 
cern sheci discomfoit piimaiily. Item 18 {teqniie25 pci cent mote 
sleep than vow to ptoduce the same degiee of lesi and recupeintirm) 
concerns loss of time, The diffeience between tlic obnoxiousness nf 
31 and 28 {have to live all the test of yotii life shut up in an apart¬ 
ment in New Yoik City. You can have fi lends come to sec you 
tlieie, but yon cannot go out of the apaitment; have to live all the 
rest of youi life tn Netu Yotk City) is an indication of the dislike 
of confinement. 

If the leports do not represent what the persons would do if real 
money offers were made, they at least represent attitudes of the per¬ 
sons toward imagined offeis. The relative magnitudes will be in¬ 
structive m either case. 

I therefore report in Tabic 1 the median estimates and the lowest 
estimates for 19 young men and 20 young women for certain items 
and combinations of items. The highest esttmatea are or some 
enormous number in all cases save 43, which one woman offers to 
enduie fm $100,000 

The reader may draw his own conclusions from the facts of this 
table He should note the ultra-realism which demands a tliousand 
times as much foi suffeiing an hour of pam as for spittmg on Dai- 
win’s or Washington’s picture, and eighty times as much foi bald¬ 
ness 01 pock marks (in women), as foi spittmg on the picture of 
one’s mother He should note also the relative tolerance of disgrac¬ 
ing oneself, and the great aveision to minor and almost harmless 
mutilations of one’s body and limitations to one’s ficedom. 

The same questions weie asked in November, 1934, of 58 students 
and teachers of psychology, mostly between 25 and 35 years old, and 
about equally divided between men and women The answers were 
written anonymously About five-sixths of the group were students, 
and it may safely be assumed that three-fourths of the group had 
no present or future income beyond earnings Very few, however. 
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were destitute oi leceiving public relief as all m the other group 
were 

All the general characteristics of the returns aic the same lor 
this giniip as for the other They too raalce extiavagant demands, 
expressing the aversions which they feel lather than reasonable 
balancing of the pain, depiivation, or fiustration against what money 
can buy They too suffer from inner compulsions They too prob¬ 
ably undervalue security from hunger, cold, and exposure. 

The medians for vaiious items aie presented in the last column 
of Table 1 Tliey aie of the same general magnitude as those for 
the othei group, and hold much the same relative positions. The 
chief diffeieiices are: 

1. Greater aversion to spitting on pictures of Danvm and Wasli 
ington (40 to 10) 

5. Gieatei aversion to causing a disgraceful disturbance in church 
(10,000 to 1,125). 

7. Greater aveision to losing time by sleep (100,000 to 14,000) 

8 Less aversion to sheer pain and discomfort (3,000 to 22,000) 

9. Less aversion to spitting on a picture of one’s mother (5,000 
to 24,000) 

10. Less aversion to eating the woim or beetle (5,000 to 3,800) 

13. Greater aversion to eating human flesh secretly (1,000,000 

to 75,000). 

No one of these by itself has much reliability because of the great 
variation within both gioups. If they agree m supporting some one 
explanation of themselves, it would be worth consideration, but they 
do not. Though 8 and 10 suggest greater reasonableness in the 
psychology gioup, 13 and 14 oppose this. Tliougb 1 and 5 suggest 
greater sensitiveness, oi greater conventionality, 9 and 3 oppose this 

On the whole, it is safest to treat the differences between the 
two gioups as uniinpoitant 

As has been suggested earlier in this report, the imagined valua¬ 
tions expressed by these show ccitain fcatuies of ical valuations, 
especially a teiitlency of educated peisons to order then picfcrcnces in 
teims of money price limited by the conviction tliat certain states of 
affairs aie so undesirable that no amount of money can compensate for 
them. 

The sciences of man are tempted to describe and measure the 
causes of conduct by some simple and logical scheme Bentham’s 
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is the most famous of such Lewin’s is the latest. Any scheme must 
I think take account of certain positive wants, desires, drives, im¬ 
pulses or preferences pro and of certain negative wants, aversions, 
or preferences con which are infinitely strong in the sense tlmt the 
person in question in the situation m question does not treat the status 
or tendency in question as a quantity to be weighed in comparison 
with others, but as something utterly desirable or intoleiable To a 
thirsty infant a drink is worth everything in the sense that he 
Claves it wholehcaitedly and irrespective of all else Even after 
many years of training in quantifying the force of all sorts of de¬ 
sirable and undesirables by thinking of tlicii consequences and of other 
alternative possibilities, much obsessional activity rernams. A licdonic 
calculus, or any other calculus of motivation, must reckon with it 

Students of valuation disagree about the extent to which values 
arc commcnsuiate, so that for any given person in any given situation 
the relative magnitudes of the values to him of, say, a feeling of 
safety, a compliment, the beautiful sunset, a long-deferred smoke, 
and the cessation of a toothache can be computed. A safe step to- 
waul a solution is to realize that if the person does in fact prefer 
A to B, then he has set A as gieater m value than B no mnttei how 
disparate they may be. 

Our e-spciimcnt illustrates both the wide range of such valuation 
and some of its difficulties, m the case of negative values. Using 
money as their measme, some persons can in thought, and probably 
could in reality, readily put our 51 mutilations, pains, deprivations, 
degradations and frustrations into an order of preference. Some 
persons rebel against the task But their rebellion occurred not in 
propoition as the undesirables are unlike but in proportion as they 
are gieat. The more convincing illustrations given in arguments 
against commensurabllity aie likely to be cases of great beauty, great 
elevation of spirit, great bodily pain, great shame, and so on, The 
very man who insists that one scale of value for literary delights 
and smoking is impossible will admit that he preferred to use six¬ 
pence for Punch rather than cigarettes, or vice versa. It may be 
hard for him to decide whether he prefers to give up all reading for 
two months or to give up all smoking for ten years But that may 
not be because of the incomparability of the satisfactions, but be¬ 
cause both are intolerable, 
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The Intercorrelations of the Valuations or Certain Sorts 

OF Items 

If we e\fimine the values put upon the items (I, 2, 7, 8, and 11) 
affecting peisonal appcaiance chiefly, we can put 58 of the psycliologA’- 
club gioup into a piobable oidei for the magnitude of their demands, 
though the difficulty of combining infinity ratings with the others 
makes it only a probable older. The same can be done for 14, 16 
and 17 (ihe dtsLomforts of being unable to chetUj taste and smell) , 
for 48, 49 and 50 (discom/oits of pain, lestj/ctive diet, and depuva- 
iion fiom siigai, tea, coffee, tobacco and alcohol) ; for 18, 19, 20 anti 
22 {loss of time and mote ot less disrepute) , foi 23 to 30 {lestrii- 
tions on habitat) , and for the moic oi less icvoltiiig expciicnccs of 32 
33, 34, 35, 39, 40 and 42 {eatmg beetles and wonns, choking cals, 
etc.) 

Tlic mutilations and serious deprivations have too many mfiintc 
demands to justify lankings m icspcct of them 


TABLE 2 

Intercorbelatioms of Groups or Vai.urs* 
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I have grave doubts concerning the amount of correspondence be¬ 
tween tliese ranks and the r«anks that would be obtained if some 
eccentiic millionaiic should make offers of real money to the persons 
in ciuestioii. Tliey are, howevei, probably as significant as any that 
can be obtained by any such expressions of opinion. So I have 
computed the inteicoi relations, and the paitial coi relations when tlie 
peisons are roughly equalized in respect of their general degree of 
aversion (bv summing the six ranks for each). 

The inteicorrelatiom of the six composites are as shown in Table 2. 
Along with them are shown the same inteiconelations for 20 young 
unemployed males and 19 young unemployed females, but these 
should have little weight. 

With the exception, of composite 3 loi the unemployed females, all 
the coriclations arc positive We may conjecture that in a genuine 
experiment individuals would still diffci, though peihaps not to the 
same extent, m the general strength of their aversions There is 
no sure constellation of these reported aversions, thougli 1, 2 and 4 
seem more closely linked than can be explained by the general ten¬ 
dency to feel strong aveisions, or the general tendency to use too 
high a scale, or both. 

TABLE 3 


IVTERCORRELATIOXS OF GROUPS OF VALUES, AFTER EOUALIZATION IN ResPKCT 
TO TfiB Sum OP 1-6 
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The partial correlations of Table 2 repoit the intercorrclations 
which would he found among persons identical in tlielr total amount 
of expressed aversion, and consequently must be negative on the 
average, They do not oppose our conjectures Weighting them as 
3,1 and 1 (without troubling to make zcta transfoimatioiis), 1,2 
and \ show partials of ,01, -07, and -,10 At the other extreme 
are 3 with (and 5 with 0, having partials of -.50 and -.35 The 
median of these weighted partial I's is - H 

Tideis Collide 
Cdnmk Unkmilf 
fa hi Cilf 




FAVORABLE AND UNFAVORABLE ATTITUDES TO¬ 
WARD PREGNANCY IN PRIMIPARAE* 

Department of Psychology, The University of Chicago 


Marian A Despres 


I Orientation 

In the last decade there has been a decided sliift among clinicians 
and teachers dealing with children's problems fioin emphasis on the 
child, to emphasis on the paient-cluld relationship The mother- 
child relationship especially has become the focus of attention 
Theieforc it is of inteiest to know what the mother's reactions aie, 
uncomplicated by the sex and personality of the child, and what 
factors influence this attitude most strongly The present study 
of the attitudes of expectant mothers was undertaken with this 
problem in view. 

The wiitings of David Levy (6, 7) contain one of the most fei- 
tile hypotheses on factors influencing the inateinal attitude toward 
the existing child His suggestion that the mothei's early emotional 
impoverishment, too much early responsibility, and unsatisfactory 
marital adjustment, among other things, affect her later attitude, 
was adopted for this study of the factors influencing the woman’s 
attitude toward her expected child Other factors that were 
thought to be of potential impoiUnce for the attitude of the pnmi- 
para, and so were included for consideiation in this study were* 
(//) the subject’s ordinal position in her family, (b) tire number 
and sex of her siblings, (c) the age at which she obtained her sex 
information, and the sources from which it came, {d) her feeling 
of economic security duiing marriage and piegnancy, (e) her neuro¬ 
tic tendency, and lastly, (/) the physiological manifestations of noi- 
mal development and pregnancy. 

II Method and Procedure 

Cnletion 

One important piPpose of this investigation was to determine 

•Recommended for publication by F A Kingsbury, and received in the 
Editorial Office on February 5, 1937 
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■whether entities as amorphous as attitudes toward pregnancy and 
influences contributing to it could be studied by an objective method 

Previous studies of the mother-cliild relationship had used as 
criteria the psychiatrist’s or social worker’s opinion of the mother’s 
attitude Tills is extremely subjective, demands either a full case 
history or a long time observation, and judges the mother in teims 
of her actual behavior toward the child. Attempts have been made 
by Laws (6) and by Fitz-Simons (2) to find objective standards, 
but their methods also demand a long experience with the actual 
mother-child relationship In the present study, the writer could 
not use any critciion depending on the already existing relationship, 
and did not want to use any critciion that would take a long time, or 
that would depend on a personal evaluation. Therefore, it was 
decided to use ns ciiterion the total scotc on a number of questions 
directly concerning the woman’s feelings toward piegnancy and the 
manner in which it affected her daily life 

The Q uesiionuaii e 

A questionnaire was also decided on as the best method available 
for obtaining the type of information desired The answers to the 
questions are not taken as facts, but as events that have been shaped 
in the subject’s mcmoiy by her needs and desiies, especially in the 
light of her piesent experience. The emotional coloring she gives 
to past events is moic important for this study than their factual 
accuracy. Therefore, the ans-wers aie taken as they arc given, but 
they aie not to be understood as literal representations of the past. 

The questionnaire contained sections on descriptive data, sex edu¬ 
cation, physiological functions, childhood, marriage, and pregnancy 
This last section served as criterion. Each question was made as 
specific and simple as possible, and was answerable on a giaphic scale 

At the end of the questionnaire was a short version of the 
Thurstone Personality Schedule as revised by R. R. Willough¬ 
by (10). 

Stfiiisticfli T}eaime}\i 

The questions weie stoicd by a stencil that divided the line into 
five equal parts 

After experimenting with the available coirelational methods. 
It was found they wcie not satisfactoiy, so it was decided to use the 
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method of group difrerences The groups to be compared were the 
most favorable and least favorable quartets of the whole gioup 
examined, chosen on the basis of their scoics on the criterion sec¬ 
tion. Separate items were scored in both these groups and when 
the obtained difference between the two means for any one item 
was greatei than three times its prpbablc eiroi, it was considered 
significant enough to be given fuithci discussion 

In some cases the answeis to the desciiptivc questions were given 
in teims of two categories instead of on a scale Foi these, the 
piobablc erioi of proportion (5) was used and the difference divided 
by Its piobablc cnor handled in the same way. The probability 
that these diffeienccs were ical could then be compared for all 
types of data 

The reliability of the scpaiatc Items of the questionnane was 
deteimincd by using the coefficient of contingency The reliability 
of the total score on each section was mcasuied by the Penrsonian 
coefficient of coi relation 

Piocedine luilh the luHivulual Subject 

Tile subjects wcie seen in the rcgulai pic-natal clinics of the 
Lying-In and Michael Reese Hospitals in Chicago The question¬ 
naire was filled out in a piivate intcivicw with the wiitcr while the 
subject was making her routine clinic visit A unifoiin approach 
was made to all subjects and uniform instructions were given The 
patient understood that filling out the questionnaire was voluntary 
Thcie were almost no icfusals 

Gioups to IFhoni Questionnane Was Given 

The questionnaiie in rough form was first given to several pre- 
liminaiy groups to see if icsults could be obtained by this method, to 
sec whethei the subject responded best to a vcibal oi to a giaphic 
scale, and to see which questions were phiascd so as to be easily 
understood by the gioup foi whom they were intended. After going 
over these papeis carefully, omitting words and questions that wcie 
not deal or easy for the subjects to understand, the questionnaire 
was thoroughly revised and put in final form 

This foim of the questionnane was then given to 100 unsclectcd 
primiparae After this gioup was completed, the questionnaire was 
repeated with 25 of the same subjects in order to test the reliability 
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of the qucstionriaire itself It was not necessary to repeat the giv¬ 
ing of the Personality schedule since its reliability is already given 
by Willoughby (11). 

Wliile 153 women who were approached cooperated entirely, four 
others approached in the same manner were unwilling to answer the 
questionnaire, giving as reasons that tliey would rather not, they 
couldn’t remember then childhood, or tliat they were afraid they 
would lose theii place in line to see the doctor 
Desoipiioti of Subjects 

Eighty-six per cent of the final gioup were bom in the United 
States. The average age was 23 17 Forty-one were Protestant, 
38 were Catholic, and 12 were Jewish Nine had othei religions 
or none. The average school attendance for the group was 9 73 
years. The subjects had worked an average of 4 80 ycais, and the 
present yearly income was between $540 and $1,500. Eight sub¬ 
jects were dependent oi on relief, and three had incomes between 
$1,500 and $2,400. 


III. Results 

Rehability 

The reliability of the separate questions ns measuied by C ranged 
in magnitude from 48 to 85. The mean was at 75 40. 

The reliability of the total score of each section of the question¬ 
naire was determined by the Pearsonian coefficient of correlation 
Tlie reliabilities of the sections weic: 

I Childhood -{-.90±.Q1. 

II Marriage +81ih.02. 

Ill, Pregnancy + 86±.02 (Criterion). 

Vduhty 

The relationships and facts by winch the ciitenon is validated 
are as follows; 

1. Tile Ciitenon asks direct questions concerning the attitude 
being incasuied. 

2. The criterion shows laige group differences between the first 
and fouith qunitiles of a fairly homogeneous gioup. 

3. The internal consistency of the criterion section is high The 
agreement between it and all the items of which it is composed 
indicates that the items, though different, aie closely related. 



TABLES lA AND IB 

COMPARisow OF Favckable anq TTotavckable Primiparae iH Respect to Descriptitt Data 

Data Sheet 1 
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column headed “Item” 

Each item is scored in terms of its natural unit except ‘liked work” which was arbitrarily scored from 1 to 3, 3 indicaQDg 
the strongest liking for work n > i • 

Apparent mathematical dlscrepauoes in this and the fiJlowjng tables are due to the fact that all calculations were made 
with four place numbers which were then reduced to two places lo ao case does this alter the final probability 
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TABLE 2A 

Comparison of Favorable and Onfavorablb Primiparab in Respect to Spx 
Education and Physiological Data 
Data Slieet 2 
(PE of the difference) 


Item 

M. 


PEl, 

D 

PE„ 

Ace of learning 

rc sex 

16 09 

13 83 

.58 

—5.90 

Age of learning 

re birth 

13 62 

12 13 

55 

—2 70 

Age of learning 

re menst 

11 S9 

11 76 

37 

— 35 

Menstruation 

Pain 

100 

160 

22 

2 74 

Age at onset 

13 04 

13 36 

31 

1 04 

Duration in days 

4 23 

444 

25 

■AR 

Interval 

27.64 

27 95 

I 02 

30 

Nausea 

Duration in wteks 

4 68 

8 00 

1 08 

3 09 

Severity 

1 04 

164 

21 

285 

Dally frequency 

Week It began 

1 32 

1 52 

20 

98 

5 13 

5 19 

62 

10 


4 Tlic results agree in many respects with those of analogous 
studies on the mother-child lelationship. 

5. The Items of Sections I and II that show most agreement 
with the criterion build up a consistent and logical pictuie of factors 
associated with a favorable or unfavorable attitude toward pieg- 
nancy, 

6 The range of scores on the ciiterion was 8 to 39 out of a 
possible 8 to 40. This range and the fairly normal distribution of 
scores indicate that lack of frankness in the subjects, if any, did not 
seriously affect results. 

Relation of Neurotic Tendency 

A question closely related to the validity of the investigation is. 
how far arc the items that are related to an unfavorable attitude 
toward pregnancy chiefly the expression of a gencial neurotic ten¬ 
dency The results of roeasutiiLg the Inventory against the criterion 
follow 

__D_ 

M, M, PEd PEjj 

19 56 1116 2.75 422 
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TABLE 2B 

Comparison of Favoraqi-b and C/NrAvoRAoiE Frimifarae in Rbspecf to 
Sex Education and Physiological Data 


Data Sheet 2 
(FE of the proportion) 


Item 

Pi 

P. 

PEd 

D 

PEd 

Babv planned foi 

&0 

.37 

08 

—5 18 

Complaints 

36 

64 

09 

3 08 

Used contraceptives 

12 

36 

03 

3 08 

Dll) mg il/cwj/ 

Crabby 

,44 

67 

,09 

2.47 

Has pains 

52 

68 

.09 

1,76 

Depressed 

24 

35 

09 

1 25 

Tired 

44 

54 

10 

1,05 

Dtiiirig pregnancy 

Vomited 

44 

.80 

09 

419 

Nauseated 

52 

.80 

09 

3 26 

Subjects and Souiccs of Sex 

Education 

*Fncnd—total 

20 

40 

05 

3 92 

♦Sistci total 

17 

04 

03 

—3 82 

Sistei sex relations 

25 

00 

06 

—3 82 

*Misc total 

01 

09 

.02 

3 33 

Sister birth 

16 

00 

05 

—3 26 

Friend menst 

08 

30 

07 

2 97 

Misc . sex relations 

00 

13 

.05 

2,77 

Friend birth 

.24 

46 

09 

2 47 

Rcl menst 

08 

00 

04 

—2?2 

Mother' men**t 

72 

52 

09 

—2 17 

Mother birth 

48 

33 

09 

—1 61 

Misc • menst. 

.00 

04 

03 

1 43 

Father' sex relations 

30 

.43 

10 

1,32 

*Mothei total 

48 

40 

08 

—1 05 

*Rel total 

10 

07 

03 

— ,97 

Rcl.i sex relations 

IS 

09 

07 

— 89 

Misc . birth 

04 

08 

04 

.88 

Rel birth 

08 

12 

06 

70 

Motlier sex relations 

30 

35 

,10 

52 

Sister menst, 

12 

13 

.06 

16 


*The starred items are based on 3 questions instead of 1, so there arc 
70 in each of the contrasting groups instead of 25 as there arc for the 
other questions 


The Fearsonian correlation coefficient between the neurotic scores 
and the diffeient sections of the questionnaire were' 

I Childhood + 49± 05 
II Marriage + 32± 06 
III Pregnancy -f-38± 06 (Criterion). 
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TABLE 3 


Comparison of Favoradle and Unfavorable Primiparae in Respect to 
Data on Childhood 
Section I 


(PE of tht difference) 


Item 


Total score 
Home life 
Mother kind 
Mother irritable 
Enjoicd care of sibs 
Scolded often 
Care of sibs 
Happiness 
Parental harmony 
Mother’s time 
Mother consistent 
Restraint by family 
Mother fair 

Mother answered questions 

Joined games at school 

Prefened play with boys 

Opportunity to play 

Free to ask mother questions 

Punished often 

Sex curiosity 

Father irritable 

Quarrel with brothers 

Father kind 

Use of opportunity to play 
Reaction to first menst 
Father's time 
Housework 
Quarrel with sisters 


Relia- 
D bility 


M, 

PEd 

PEb 

C 

68 96 

2,42 

5 28 


216 

,19 


79 

2.12 

19 

5 18 

79 

3 43 

21 

5 09 

72 

2 57 

25 


79 

2.92 

19 

3 71 

62 

2 20 

30 

3 59 

74 

2 08 

22 

3 38 

66 

212 

25 

3 27 

82 

2,16 

24 

3 25 

76 

229 

.22 

2 86 

69 

3 12 

20 

2 63 

67 

2.16 

24 

2 52 

75 

3 04 

.34 

2 49 

Kn 

1.80 

16 

2 47 

67 

2« 

19 

2 28 

79 

2.16 

24 

1 84 

70 

3.48 

34 

1.82 

74 

236 

.25 

1 77 

67 

3.16 

.25 

1 44 

77 

2.58 

24 

1.29 

66 

172 

.31 

—1 16 

69 

188 

24 

99 

HI 

1 67 

20 

— 68 

59 

3 32 

26 

,62 

78 

220 

27 

— 44 

74 

2 60 

23 

— 35 

83 

2 20 



69 


M. 


56 20 
1 16 
112 
2 37 
157 
2 20 
1 12 

1 32 
132 
137 
1.67 

2 60 

1 56 

2 20 
140 

2 04 
1 72 
227 

1 92 
2.80 
2.28 

2 08 
164 
1 80 

3 16 
2 32 
2 68 
220 


The units in this chart arc score values on the rating scale from 1 to 5 
The higher the score, the more it la associated with an unfavorable atti¬ 
tude on the p.irt of the primiparae A minus sign, here as before, indi¬ 
cates thnt the mean of Gioiip I is laiter than the mean of Oroim II, or 
that a pariiculai item is associated with the opposite reaction of what was 
expected in making up the questionnaire. 

C The relinbilily of each question is shown here as measured by the 
coefficient of contingency. 


Till's indicates a positive relation It is interesting that neurotic 
tendency is more closely lelated to childhood than it is to the atti¬ 
tude toward pregnancy 

A more detailed study was made of the relation to the Neurotic 
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TABLE 4 

Comparison of Favorahle and Unfavoradib Primiparae in Respect to 
Data on Marriage 


Section II 

(PE of the difference) 


Item 

M, 

Ma 

PE„ 

D 

PEd 

Relia¬ 

bility 

C 

Total score 

2616 

32 28 

1 04 

5 

91 


Economic security 

1 60 

2 42 

20 

4 

,02 

71 

Parents .ipprove marriage 

1 12 

1 96 

,21 

4 

00 

82 

More social life than before 

2 04 

2 92 

22 

4 

00 

76 

Husband likes same people 

1 72 

2.28 

14 

3 

92 

68 

Desires career 

1 16 

I 88 

20 

3 

57 

48 

Enjoys sex i elations 

1.56 

2 20 

18 

3 

49 

79 

Liking vs expectation 

217 

2.76 

22 

2 

66 

74 

Disagrees with husband often 

1 96 

2 44 

IS 

2 

65 

70 

Moie money than before 

3 40 

3 92 

24 

2 

,13 

73 

Wanted to leave home 

2.20 

1.83 

29 

—1 

27 

63 

Would ro-marry 

2 75 

3 08 

32 

1 

,02 

69 

Reason for working 

2 26 

2 06 

31 

— 

,67 

78 

Preparation for mairiage 

2 52 

239 

24 

— 

54 

64 


TABLE S 

Comparison op Favorabfp and Uniavorabie Primiparae 
Data on I’RrcNANcy Critfrion 

Section III 

(PE of the difference) 

IN Rfisprci TO 

Item 

M. 

M, 

PEd 

D 

PEd 

Relia¬ 

bility 

C 

Total score 

11 60 

25 83 

.50 

28 69 


Wish fo postpone it 

1 32 

4 08 

.24 

11 63 

70 

Would choose preg again 

1 17 

3 28 

21 

10,05 

76 

Fears being kept home 

1 12 

2.92 

.19 

9 56 

77 

Fears labor 

1.32 

3 40 

22 

9 39 

SO 

Disposition changed 

Wants job Inter 

220 

4 00 

.20 

9 00 

81 

104 

2 36 

.21 

6.18 

85 

Depressed 

2 20 

3,72 

25 

6.00 

77 

Fears expense 

128 

246 

23 

S.U 

81 


Inventory of the items found most significant for the attitude to- 

waid piegnancy Of these, 43 items whose ratio — was ovei 3, 

PEd 

only 8 had equal or more stgnsiicance for the nevrotic tendency. 
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These were: husband employed, total attitude toward childhood, 
home life and happiness in childhood In marriage the significant 
items vveie the total attitude, financial security, liking the same 
people as the husband, and good sex lelations In pregnancy the 
significant items were' fearing labor, feeling depressed, and thinking 
the child will be too great a financial burden. 

IV Discussion of Results 

Iniei pi etatian 

This study shows some of the factois most frequently found witli 
a favorable or unfavorable attihide toward pregnancy in the primi- 
paia It IS desiiable to know the nature of these associations, tliat 
18 , which factors au causal m relation to the mam attitude, which 
arc symptomatic, and which aie lelated only through a common 
thud factoi It would not be justifiable to diaw conclusions as 
to the nature of the relationships fioin the piescnt investigation, 
as it shows only some of the factois between which such relationships 
do exist. The time sequences, however* aie highly suggestive, so in 
the following discussion, the items me classified according to 
whether they occur bcfoie or during the peiiod of gestation or both 

Facials Tempoialh PieceHtitg Pregnancy. 

1, Emotional tmpoveiisliment tn childhood. The mother's 
early emotional impoverishment is associated with her later un¬ 
favorable attitude toward pregnancy just as Levy found it to he 
associated with an attitude of rejection or over-protection towaid 
the actual child. A close relationship in childhood between the 
subject and her mother is definitely associated with a favoiablc atti¬ 
tude, while lack of such relationship is associated with the opposite 
feeling, The subject’s relationship with hei father seems much less 
important. This finding is le-inforccd by a similai finding in the 
study of Stemsriid and Wardwcll (9) This may be because the 
father is away from home so much that strongly emotionalized con¬ 
tacts with him are much less frequent than with the mother It 
might also mean that in our present society fewer men than women 
in a normal group develop extreme emotional attitudes Having 
siblings, especially brothers, conditions the subject favorably, but 
having to care for them too often, is an adverse factor More only 
children are found in the irnfavoiable groxip. Quarrels with brothcis 
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nade no difference either way. Social lelationships ouc- 
nc were less important than those within^ and probably 
lUccess or failure of the more primary family relation- 
total situation IS more important than any single factoi 

ily 1 es/yoNsihilfiy. Eaily responsibility m the form of 
iblings is an antecedent factor that is associated with an 
attitude towaid pregnancy If the subject enjoys car- 
[ings, It becomes a favoiable factor Having to help 
otisework was the usual custom of the group studied, 
accepted without emotional friction by most of them 
ig does not correspond to Levy’s theory concerning 
1 attitudes It shows that early responsibility is not 
factor if tlic subject enjoys that responsibility. It also 
It the effect of any given responsibility on the subject 
by her economic status and personal evaluation of it 
V edtication. Sex education, in most cases, occurs in the 
woman before her attitude toward pregnancy is cstab- 
t may be a partial determinant of that attitude, or both 
Its of a common cause The results in Tables 2 A and B 
jroup I tvas oldei than Group II at the time of learning 
of sex relations All cases where this information was 
fore 10 were found m the unfavorable group. The 
may be an advantage for several reasons It may mean 
bjcct had a richer environment as slie developed, so her 
St in sex was subliminated. It may mean that she lived 
home or ncigliboihood than the girl in the crowded 
e attention is forced too early into sex matters Oi it 
simply that sex adjustment was innately not a serious 
r her 

I sex information from the mother is not necessarily 
Many women who receive this information fiom their 
y receive it in the form of warning against men. A sister 
.er to the girl's own age and who is not bound by tlie 
f an earlicL geneiation is here shown to be a favorable 
the girl gets tliis information from a friend, or other 
rce, either because her curiosity is suppressed at home, or 
information is thrust on her outside before she is ready 
s likely to be aseocinted with an unfavor.'ible attitude 
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Previous studies, such ns those of Piggc (1) nod Qleason (4) have 
Indicated that the mother’s sex instruction is a factor m the later 
relationship to hei child- This study shows it is also important for 
the attitude of the prospective mother. 

4 /JfldiUonal items There was a significantly greater percen¬ 
tage of Jews in the iinfavoiable gioup. A definitely greater propor¬ 
tion of Group II had complaints to make about affairs in general 
These complaints were chiefly concerned with finances, relatives, or 
geneial liealtli Moie of the unfavorable group used contraceptives 
nt some time or other, and fewer of them said they had planned 
to have the baby. 

B. Sn/iultaneous F/ictors 

1. P/iiisioloi7tcnf couconiiCnnfs of piepnoncy Nausea and 
vomiting, and a moie prolonged period of nausea arc much more 
likely to occur in the unfavorably disposed pnmipaia than in the 
favorable one. While nausea and vomiting In pregnancy doubt¬ 
less have more than one cause, the results of this study indicate 
that the psychological-emotional ones are of prime importance 

C. Factors that Occui Bcfoie and Dunut] Pregnancy 

1 Marital situation The aspects of the marital situation that 
are RSKjciated with a favorable attitude toward piegnancy are* 
financial security, social and sexual compatibility Here again the 
woman's adjustment to the whole situation is more important than 
any single item, A satisfactory general adjustment, however, implies 
successful adjustment in most of the smaller details of married life. 

Levy says that anything that nairows the emotional life of the 
motlier mav cause her to be ovei-protective toward the child. He 
also savs tlie cliicf cause of such a nairowing is unsatisfactoiy 
sexual or social life in marriage The present study shows that 
this factor is also operative in producing an unfavorable maternal 
attitude before the biitli of the child Examples of a narrowed 
emotional life were given in the verbal statements of three of the 
subjects scored in the unfavorable group who wanted a child 
because their own mothers had lecently died, or because their fami¬ 
lies were in another city and they felt lonely. This study shows the 
question of financial security to have relatively more importance than 
Levy and others have attributed to it. 
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2 New otic Tendency Women who resent the fact of then 
pregnancies aie definitely moie neuiotic than women who do not, 
Neurotic tencicnev alone, howevei, does not account for an unfavor¬ 
able attitude, This is shown by its lack of relation to many of the 
Items most closely associated with the general cntcrion 
The items associated with a neurotic tciidcncv seem to he moic 
gencial and subjective than the items associated with the specific 
attitude toward pregnancy, with the notewoithy exception that 
neurotic tendency as here measured is consistently associated with 
lack of economic secuuty. 

D Results ReUning to Method. 

1. Natwe of the subject gioiift It is important to remember 
that these results apply to a lower middle economic group only 
Infeiences can he made fiom this to other gioups, but the differ¬ 
ences must always be carefully watched for. 

2 Inienelaltott of significant facton Many of the factois 
shown above to he closely related to the .ittitude of the primipaia 
aie mtcidepcndent. They must not be legardcd as scpniatc items, but 
always as within a i elated whole. It was previously men¬ 
tioned that this study cannot indicate the nature of the mtenelation- 
ship of these factois. With diffcicnt individuals, diffcient items will 
assume vaiying amounts of relative importance A single item can 
never be considcied as predetermining The significance of nnv one 
lies in Its iclationsliip to the whole complex of factois 

3 The study of maternal attitudes during pregnancy. This 
study shows beyond doubt that women’s attitudes toward then 
expected children arc widely diffcientiatcd and can be examined 
before the birth of the child, though there is no absolute proof that 
these attitudes would lemain the same after the cliild is boin 

4 The questionnave method. The present questionnaire had 
a weakness which could be eliminated in future investigations of 
this type This was lack of claiity in some of the questions, due to 
ambiguous phrasing, and occasionally, to the use of woids beyond 
the understanding of some of the subjects, though most of the diffi¬ 
cult woids were eliminated m the prehmmarv form This same 
criticism holds true of the Clark-Thurstone Inventory While it 
was usable undei the present circumstances, nevertheless it was vali- 
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dated on a group of college students and should be modified for a 
gioup with less education. 

The advantages of the questionnaire were that it gave information 
on the subject over a long range of yeais. It enabled the writer 
to examine comprehensively a great many more subjects than would 
have been possible by free interviews or regular social histones m the 
same Icngtli of time. Its objectivity, as fai as the examiner was 
concerned, eliminates some of the sources of error of other methods 
of personality study. 

Tins method presents an opportunity for detailed analysis of pre¬ 
vious theories, points a way to new theories, and permits study of 
a large number of subjects with very definite controls This study 
has definitely shown the questionnaire method can be applied wit) 
profit to a field heictoforc reserved for case studies and analyses 
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A COMPARATIVE STUDY OF SIZE CONSTANCY’* 

The Ammal Laboratory, Department of Psycholoffy, Columbia Uriwcrsity 


Norman M Lockc 


Introduction 

Sizes maintain a certain stability oi constancy of psycliological 
response in man. The size of the image of an object piojected upon 
the retina fiequently bears little relation to the ensuing report of the 
size of tlic object Itself Of two objects in the visual held, the one 
with the laiger retinal image is not nccessaiily the object judged 
to be largci. An object is judged as "large” or ‘‘small’' when the 
retinal piojection of that object and the consequent laws of peispec- 
tive are at variance with such a judgment. Ovei a wide range of 
retinal changes, liowcvcr, the integiity of the original size is main¬ 
tained. 

The present investigation was earned out in order to discovci 
whether size constancy were present in the pciccptunl response of 
the monkey, and, if so, to measure tins constancy, and to compare 
the results with those obtained from human childien and adults 
undei simihii conditions. 

Previous work in this field with animals as subjects is rathci 
limited Kohler (9) repoiti tinit his cbimpinzecs correctly cliosc tire 
larger of a pair of boxes in each of the 20 responses given, when 
the physically larger box cast a smaller retinal rmage than the 
physically smaller box. The side of the boxes fating the animals was 
9x12 cm., and 12x16 cm The distance separating the two boxes 
varied from 50 to 90 cm The retinal image of the larger box 
was from 37 to 72 per cent smaller than its compaiison box A 
further study Is that of Gotz (5) who found that chicks displayed 
the same type of perceptual re.rction. The chicks chose a largei 
grain of corn when its letmal aiea was 1/30 of lliat of a sinallci giaiii 
The small corn was placed 15 cm. from the chick and the large 

•Accepted for piiblic.ition by C J Warden of the Editorial Board, and 
received in the Editorial Office on February 18, 1937 
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grain vaiied up to 169 cm The giains were in the proportion of 
4 5, the linear dimensions being 2’2 24. 

Research conducted upon childien is centered about the problem 
of the development of size constancy KHmpfinger (8) and Beyrl 
(I) state that there is a noticeable development in this constancyj 
that very young childien possess it to a slight degiee, and that there 
is a direct rehationship with agCj the high point coming between the 
ages of 10 and 15. Rurzlaff (3) and Frank (4) feel that chil¬ 
dren’s cfiuations aic no diffeient from those of adults and that the 
differences found result fiom tlie method employed. Weber and 
Bicknell (13) icpoit hlghei points of equation for children than 
foi adults Compatativc findings with adults are reported by these 
investigators Thouless (12), using only adults as subjects, states 
that there is a decrease m equation point with age 

Method and Procedure 

The apparatus duplicated the arrangement used in a discrimination 
problem A large tabic 80 cm high, 50 cm wide, and 3 m. 67 cm. 
long, divided in the ccntei by .i partition 20 cm high which ran 
the IcngtJi of the table, was placed diiectly in front of the subjects 
The table and partition were painted a flat black. The entire out¬ 
field was restricted by a white cloth which was hung next to the 
wall of the room on both sides and to the front of the stimulus 
table The stimulus objects weic two cardboard squares—a standard 
and .a comparison object, which were placed on one side or the other 
of the partition. These will be described m greater detail below 
The room lights overhead wcie always turned on, and additional 
Illumination was provided by two 200 watt lamps dliected at the 
table. This lighting was so ai ranged that there were no shadows 
in the visual field When testing the nmmal subjects a leaction cage 
was placed flush against the tabic, the shutter opening of the cage 
being slightly above the top of the table. When tlie human suli- 
jects were tested, the reaction cage was replaced by a heavy white 
cloth which enclosed the subjects, and in front of which was placed 
a beaver-board screen. All positions and distances weie kept in tlie 
same relative proportion for human and animal subjects Further 
details and complete measurements of the appaiatus will be found m 
a paper by Locke (10). 
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Tile animal subjects were three male Rhesus monkeys, 4, 4}^, 
and 6 years of age. These animals followed the icgulai routine 
adopted by the Columbia Animal Laboratory as described by Locke 
(10) The monkeys had previously been used in discrimination 
experiments and were well adapted to the experimental situation 
The tlnee children used as subjects were two girls—one aged 4 
years 9 months, the other aged 4 years 1 month, and a boy aged 
4 years 3 months. The adult subjects finally selected were six 
graduate students These individuals wcic cooperative and expressed 
an active interest in the experiment. 

The procedure adopted with the animal subjects can be divided 
into the training series and the critical series. The monkeys were 
transported in a rolling truck from their living quaiters to the 
experimental room. In this room they were trained to jump into 
a dooi in the rear end of the reaction cage, and then to face the 
wooden shutter in the front of the cage. When the shutter was 
raised the animals were in position to leact. The method used 
was essentially n discrimination method in whicli the animal would 
choose one of two presented stimuli 

The pjehmjnary procedure was to tiain the animals to choose 
the laiger of two gray caidbonid squares, one being placed on each 
side of the dividing partition. Tlicse stimulus objects were respec¬ 
tively 11 cm. square, and 4j4 cm. square. They faced the monkeys 
in a frontal parallel plane, being held upright bj' blocks glued to 
the back. The monkeys would indicate their choice by reaching for 
a raisin in one of two small boxes placed on the table on each side 
of the partition. The correct and rcwaided choice of box would 
conespond to the side on which the larger stimulus square was 
placed. Training continued foi a considerable numbei of tiials but 
the results were very poor, so this reaching lesponse was abandoned 
in favoi of a pulliiig-in technique. The sizes of the squares were 
changed to 16^ cm and 10 cm A iccess was sunk m the support¬ 
ing block of the stimulus squares and stiings were attached to 
these blocks. "When the animal pulled the stiing of' the correct 
cardboard it would obtain a raisin which had been inserted in the 
block. With this technique the monkeys learned very quickly to 
choose only the larger of the two objects. Different size stimuli 
were used, the dimensions being dimmlslicd at each change The 
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final sizes weie cm square foi the larger object, and 15 cm 
square for the smaller object. The blocks, which now faced the 
animals, measured 5 x5 cm for the larger cardboard and 4^ x 
cm for the smaller, both blocks being 7 cm deep. Since the table 
top was at tJie eye level of the animals only the front face of these 
blocks was seen. Table 1 reveals the numbei of responses requiied 

TABLE I 

Size or Stimuli in Centimeters, Number or Trials, and Last Day’s Per- 
ccNTACP or Correct Choice or the Larger of the Two 
Given Stimulus Squares 

Ucsiilli with the reaching tccl)nu|ue and the pullmg-in technique 
Reaching Piillmg-in 


Aniinnl 

llv 

N 

+54 

% 

165Q V 

N 

’ 10 

% 

15 

N 

V. 10 

% 

15 V 
N 

12 

fc 

1654 

N 

V 15 
% 

Hector 

754 

69 

113 

95 

34 

96 

30 

90 

61 

100 

MchgIjiiis 

767 

63 

lU 

94 

30 

100 

11 

100 

54 

95 

Ulys>e8 

7+2 

60 

1++ 

S6 

30 

93 

13 

92 

29 

90 


With each technique to learn to choose the laigei of the two caid- 
boaids. The final number of tnals to Icain is obviously quite 
bpeclfic because of the element of transfci from one situation to the 
other. Howevei, fioin a mcdiodological point of view, the use of a 
puUmg’in technique was far superior to a icaclnng technique 

Aftei the animals had Icained to icspond to the laiger of the 
two stimuli, the smallei square was placed 55 cm. from the animal 
and the Inigcr one was moved back, away from the animal, in suc¬ 
cessive trials The fixed distance of tlvc smaller stimulus object was 
chosen so that tlie animal could not see the raisin in the well of the 
block, and vet not be too fai away The icwaid was placed m 
tho blocks of both the standaid and companson stimuli As the 
larger squaie was moved back fiom trial to trial the retinal image 
of the square diminished until a point was leached at which the 
image of the physically largei square was smaller than that of the 
physically smaller square If constancy of size was a function m 
the pcrceptu.il mechanism of the monkey, it would continue to leact 
to the physically larger square regardless of the shrinking retinal 
size, and even Ihovffh the retinal image was smaller than that of 
Its comparison. 

In the critic.il senes it was desired to discover up to which point 
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this phenomenon of size constancy was opeiativc Measurements 
were taken by attaching metei sticks along both outside edges of 
the table Thus tlie distance from the eye of the subject to the 
stimulus could be read at a glance Because the .inimals wcic 
rewarded at cveiy lesponse, theie being no "coircct” oi “incorrect” 
clioicc, position and alternation habits developed It was necessary 
to intcrspeise tlie original laigc-small discriimnation with the critical 
responses in older to overcome these distuibing habits The pro¬ 
cedure finally adopted was to pieseiit the animals with both standard 
and variable in the same plane foi foui tiials, leqmiing a lesponse 
to the laigci, and then to give one critic<tl trial in whicli tlic larger 
stimulus object was separated from the smallci m increasing units 
of 5 cm. Tlic responses in which the stimuli wcie sepaiatcd in space 
arc herein mentioned as “ciitical” icsponscs In the picsentation 
of the stimuli a modified method of limits was used 

As the distance between stimuli Increased the task of choosing 
the largci one became moic and moic difficult as evidenced bv 
extensive comparison behavior. Finally a point was reached at 
which tlie animals would clioose the physically smallei object as 
being the laiger, which indeed it was from a phenomenal point of 
view In a descending senes the same pioccdurc was followed by 
starting with a distance large enough to insure a choice of the 
physically smaller object, and then decreasing tins distance to a 
point at whicli the animal would shift to the physically larger 
stimulus, In all, one animal, Hccto^ was given 86 ciitical trials— 
43 in an ascending senes and 43 m a descending series. The other 
animals were given 90 trials—45 ascending and 45 descending 

In addition to the usual contiols, such as shifting the stimuli from 
one bide of the paitition to the otlicr, changing the stimulus objects 
for others of the same size and so on, it was ncccssaiy to make suie 
that the animals were not responding to the neaici of the two objects 
Occasionally other sizes were interspersed as a further check. 

The procedure with the human subjects was to instruct them 
to report naively the appearance of the stimulus objects The 
physical sizes were to be ignoied, and the icsponse of "smaller” or 
"larger” was to refei to the way the objects ,appeared The analogy 
was drawn to looking from the loof of a very high building and 
noting the very small appcaiancc of the size of the people below 
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The subjects were then told to report-vvliich square appeared larger— 
not the one that was larger, nor the one they thought should be 
larger, but just how they seemed to look The task was difficult 
for many individuals, only about half of those origmall}^ chosen 
were able to disregard the physical size. 

When the children were tested, the stimulus objects were placed 
some distance ap.art and the children wcie asked which one looked 
bigger It was unnecessary to give further instructions, foi these 
subjects readily and consistently repoited in terms of appearance 
The indicator response used with the childien was to point to the 
side of their choice. 

The method of limits was used with the human subjects, the final 
distances being an average of 5 ascending and 5 descending trials 
Motivation was pool with one child, Frank. The strings attached 
to the blocks of the stimuli were placed m the same manner for the 
human subjects as they had been for the animals, although the 
human subjects did not handle them. 

Results 

It will be recalled that the physically smaller object was placed 
at a fixed distance, 55 cm, from the subject and the physically larger 
object was moved back and away from the subjects until a point 
was reached at which the judgment of “larger” would favor the 
physically smaller square. The averages of the ascending and 
descending series for all subjects are presented in Table 2 These 
scores represent the distance at which the response shifted from 
physically larger square to physically smaller square It will be 
seen that there are no typical differences in the subjects studied 
The scores of the monkeys overlap both those of the human adults 
and children. These scores can be transmuted into ratios in order 
to discover to what extent size constancy is piesent in the response 
of these subjects. 

If there were no constancy, as soon as the physically larger stimulus 
object cast a retinal image which was smaller than that of the 
physically smaller stimulus object, the subject would shift in his 
judgment and report the latter as being of larger size If there 
were complete constancy, the physically larger stimulus object could 
be withdrawn to a distance approaching the limit of visual acuity 
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TABLE 2 


Avpraoe Distance of J-udcment, and Size in Logarithms of Retinal 
Imagf for. E (Equation Size), P (Projection Size), and 
S (Standard Size), for All Sunjccrs 



Subjects 

Distance 

E-size 

P-size 

S-eize 

Animals 

Hector 

94 79 

1741 

.1582 

,2727 


Mencinus 

111 54 

1479 

.1345 

2727 


Ulysses 

74 84 

2205 

200+ 

2727 

Chilclien 

Ann 

87.50 

1886 

1714 

2727 


Lee 

87.50 

.1886 

171+ 

2727 


Frank 

140 00 

.1179 

1071 

2727 

Adults 

CS 

79 17 

.2084 

.1895 

,2727 


PE 

100.84 

.1636 

1488 

2727 


HA 

81 67 

2020 

1837 

2727 


HS 

95 84 

.1722 

.1565 

,2727 


JR 

71.67 

2302 

2093 

.2727 


JH 

92 30 

.1784 

1622 

2727 


and the subject would still report it as being the larger one It 
becomes necessary to rneasure the image that these objects cast on 
the retina in order to discover whether the psychological judgment 
of "larger" or "smaller" varied as these retinal images vary in size 
According to Southall (11) the size of the retinal image of an 
object IS calculated in terms of the appaiciit size of the object, the 
latter being measured by the visual angle it subtends at the eye 
Instead of the visual angle itself, the tangent of the angle is here 
used. Thus the apparent size of an object is measured by dividing 
the linear dimension of the object by the distance from the eye. The 
use of this principal point angle presents an advantage Southall 
states that since the positions of the principal points remain sensibly 
stationary in the act of accommodation, the reduced length of the 
eye-axis may be considered as constant in the same individual. Hence 
the peculiar significance of the principal point angle consists m the 
fact that according to this formula, this angle may be taken as a 
measure of the size of the retinal image which is independent of the 
state of accommodation of the eye Thus, for a given individual, 
all objects which have the same apparent size as measured at the 
principal point of the eye will produce letinal images of equal size 
We now have two objects of different sizes standing at different 
distances from the eye, and the retinal images of these objects is 

measured by or the height of the object divided by its distance 
d 
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from the eye. The nearer object was 55 cm flora the eye and its 
height was 15 cm This smaller stimulus object was the standard, 
the size of its retinal image will be designated here as S The 16^ 
cm. square was moved back a given distance until the subject stated 
or indicated tliat it appealed smaller, this distance then becomes the 
denominator in the above equation. The equation point is trans¬ 
muted into terms of its letinal image, designated as E. 

The zero point of size constancy would be seen if E and S coin¬ 
cided, the point of complete constancy must be ananged with icfer- 
ence to the entire stimulus situation. To stay within the limits of 
the situation, complete constancy must be icpiesented by the hypo¬ 
thetical retinal image of the standard if it were seen at the distance 
chosen for the variable We must project S to the distance obtained 
With E and derive the projection size or P. The equation point can 
tlicn range between the limits of the standard at fixed distance ami 
the projection of that standard at the obtained distance. This re¬ 
lationship can be expressed in tcims of direct percentage oi in more 
elaborate terms. The treatment of the data here presented is based 
on that of Brunswik (2), who gives its complete mathematical 
derivation. This “intention ratio” oi /-intio follows! 

log 5 — log £ 

;-r— — scale of constancv. 

log 5 — log P 

In short, the physical measurement minus the phenomenal measure¬ 
ment (tlic obtained) divided by the physical measurement minus the 
projection measurement (the theoretical) yields a measuie of size 
constancy ranging from zeio to unity If the r.itio is higb, approach¬ 
ing unity, it indicates a high degree of size constancy; if the ratio is 
low It IS indicative of a low degree of size constancy. 

In Tabic 2 the data for the vaiious ictinnl images aic piesented, 
and in Tabic 3 the essential measuiemcnts foi the intention ratio and 
this J-ratio arc given The /-ratio scoies langc from 6403 to 8972 
for all subjects. This indicates a faiily high degree of size constancy. 
The range for the adults is from .6403 to 8815, the lange for the 
children is .7941 to .8972, that for the monkeys is from 6897 to 
8656 In the present situation there arc no group differences m the 
size constancy response Animal scores and human scoies overlap 
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TABLE 3 


Logarithmic Calculation and Rlsultinc /-ratio (intention-ratio) for ail 

SUDJCCIB 


Subjects 

Log iS - Log h 

Log S ~ Log P 

/-ralio 

Aniiiinis 

Hector 

19489 

23648 

8241 


Menelaiis 

26S72 

30697 

8656 


Ulysses 

09228 

13379 

6397 

Children 

Ann 

1601S 

20168 

.7941 


Lee 

16015 

20168 

7941 


Frank 

36418 

40590 

.8972 

Adults 

CS 

H679 

(5808 

73S8 


PE 

23191 

26309 

8815 


HA 

1303+ 

17158 

7S96 


HS 

19966 

24118 

8278 


JK 

07358 

11492 

6403 


JII 

18430 

22564 

8163 


considerably, and the scores ot the adults arc essentially the same 
as those of the children. 

Since a previous study by Locke (10) on color constancy levcaled 
a very clear distinction between animal and human adult scoics, a 
further discussion of the results is necessary In addition, pievious 
findings of other investigators (1, 12, 13) indicate diffeienccs in 
scores with age diftercnces, an observation winch is not coiroborated 
here, 

In the above mentioned study on color constancy it was felt tliat 
the difterences m group scoics between human beings and monkeys 
were related to the attitude dififercnccs which are known to dctcimine 
the scores of human beings. Many investigators rcpoit that a dis¬ 
tribution of coloi constancy scores is bimodal, indicating different 
perceptual attitudes Holaday (6) found that such differentiating 
attitudes could be induced in a size constancy situation. One should 
expect somewhat the same icsults in si/c as in color constancy not 
only differences between nnimal and human scoics but also attitudi 
nal diffcienccs in the human subjects. 

Further, Beyri (1) found that age of children and size constancy 
score are related, and Klimplinger (8) indicated a bimodal distribu¬ 
tion in size constancy similai to that in color constancy Again such 
relationships aie not found bv the present author 

There arc a number of alternate explanations for these diffciences* 
there is a possibility that size constancy and coloi constancy aie two 
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dif¥erent functinns, constancy of size may be a simpler function than 
that of color, and a third alternative is tliat the results obtained 
with the present method of derivation arc too limited in scope. In 
view of the existing body of experimental evidence there is no reason 
to postulate separate functions for perceptual constancy That sizes 
involve a simpler group of attributes than colors do is readily ad¬ 
missible, nevertheless the experiments quoted above seem to indicate 
that the perceptual functions of both are close A fiuitful and simple 
explanation is that the present experiment involed too simple a 
situation. 

One point of technique can be noted the immediate visual field 
was at the eye-level of the subjects. Katona (7) reports that eye- 
Icvcl judgments of a field result in lower scores than those obtained 
vyith any other method of regarding that field In addition, the 
visual field was a relatively uncomplicated one consisting of table, 
partition, and stimulus squares all limited on thiee sides by the white 
cloth. This may have been enough to preclude tlie possibility of 
group differences The suggestion, then, is that if the field were 
more complex such differences could make themselves seen, 

Summary and Conclusions 

1. A similar stimulus situation was presented to three Rhesus 
monkeys, three children, and six human adults, and the size con¬ 
stancy responses of each were determined. 

2. All groups revealed size constancy to a fairly large extent. 

3. There was no differentiation between the intention-ratio 
scores of animals, children, and adults. 

4. It was suggested that the experimental situation may have been 
too simple to permit such group differences as may exist to show 
themselves. 
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NOTES ON SYMBOLIC BEHAVIOR IN A CEBUS 
MONKEY (Capucinus appella) 

The Antmal Lnbaraioiy, Departmenl of Psychology, Columbia Uuiversily 


C R Carpjjntcr ani> N. M Locke 


Beliavior winch involves the icsponscs of animals to "symbols," 
“jcdiiced cues,” and otliej "absnact qualities," presents oppoituni- 
ties for the experimental analysis of principles and hypotheses winch 
are of gieat importance to psycliology Among the piinciples involved 
l>y such hehavioi and wluch might be investigated aic Hollingvvoith's 
principle of redintegiation (1, 2), Kor/wbski’s concepts of levels of 
abstiaction (6), the concepts of "lelata” and abstiactions as foiinu- 
Inted and dcmomtiatcd by Kluvci (3), and Pavloviaii principles of 
conditioned responses (7) The available methods and procedures 
gencinlly employed in comparative psychology have not always been 
entirely adequate foi the investigation of these functions of abstinc- 
tion and association Fuitlicimore, animals customniily employed in 
psychological laboiatones have not shown evidences of the moic 
mtiicate processes of abstiaction or "symbolism” The obscivational 
and experimental notes herewith reported iclatc most closely to such 
experimental woik as that of Kolits (4, 5), Khiver (3), and 
Wolfe (9) It was because of close auiuaiiitance with the work of 
Wolfe while It was in progress that tlie trading behavior of the sub¬ 
ject of oui experiments was obseivcd and evaluated 

The pioblcin with which wc have been concerned is that of 
detci mining one phase of the capacity of a capuchin monkey to cstab- 
lish associations or "conditioned i espouses" to diftciently colored 
pokci chips, and to determine the ability of the monkey to use these 
clups as a means of getting specific kinds of food We were cquallv 


•Accepted for publication bv C J Warden of the Editorial Board, and 
received m the Editorial Office on February 18, 1937. 

'Experimentation was conducted at Bard College and in the Animal 
Laboiatory, Depnrlmcnt of Psychology at Columbia Uniscrsity The au¬ 
thors are deeply appreciative of the encouragement, suggestions, and 
assistance given liy Professor C ), Warden 
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interested m demonstrating the possibilities of using the trading tech> 
niqiie with inoiikeys in experimental work upon problems involving 
motivitation, food preferences, discrimination, choice behavior, learn¬ 
ing, nnd anticipatoiy and delayed icactions 

The monkey, "Trader,” was a male Capticinus appelld, a Cebus 
monkey sometimes called “ring tail,” more specifically known as a 
weeper capuchin He was first observed in July, 1934, at the San 
Diego Zoological Garden At that tunc he was atti acting consid¬ 
erable attention in the Garden by his gei\eraliz.ed habit of giving 
any kind of small object to visitors in exchange for food The 
experimental possibilities of this ammal were recognised, and he was 
purchased. By using this animal we hoped to leain to what extent 
his trading behavior could be employed to investigate the behavioral 
capacities of New World monkeys. As it was on the basis of this 
kind of lesponsc that Kohts and Wolfe conducted their experiments 
on chimpanzees, we sought data which would be comparable for 
monkey and chimpanzee. 

We have no definite information as to how the trading habit was 
first established It was assumed by the Garden authorities that 
Trader was taught this habit by his former owner. The owner 
gave the animal to the Garden because he became a d.ingeious pet. 

Problem 

The specific problem was to ascertain whether Trader could dif¬ 
ferentiate between poker chips of different colois, and form associa¬ 
tions between these chips and particular kinds of food 

Basic Behavior Mechanism 

The generalized trading habit and behavior of the animal can 
best be described in a definite situation. The experimenter would 
hold out his hand to the monkey as a cue for trading, at times 
reinforcing this stimulus by words such as “Give me something. 
Trader” or by gestures. The animal would respond by collecting 
and offering to the experimenter almost any small object which he 
could handle, Small sticks, handfuls of sawdust, trash, straw, 
pieces of paper, the food containers, and any other available object 
would be proffered. If the object were refused, something else 
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would be collected and presented. Ficquently, after having given 
an object Tradei would hold out his hand foi tlie anticipated 
lewaid. If llie object which the inoiikev offered was taken but 
no reward given the monkey would seek other things and add them 
to that already given, (This seems to be a type of reinforcement,) 
After a numbei of responses In which the animal had given objects 
to the expeiimcnter but had not been rcwardcd» the trading response 
would be tcmpoiarily extinguished The lesponse would le-appear 
spontaneously after a shoit delay oi if conditions were changed 
Sometimes temper tantrums would icsult aftci unrcwaidcd re¬ 
sponses. 

Procbdurf No I 

The following expcumontal situation was arranged Thicc con¬ 
tainers were placed in thice comers of a loom which was 10 feet 
square. Twenty-five oi 30 poker chips of one coloi wcic put into 
each of these contamcis The chips were red, white, and blue in 
color and of the same size. The chips weie grouped' as to color in 
the containers, and the latter were systematically rotated from one 
corner to another In ordei to prevent the formation of position 
habits Tlic experimenter sat in the center of the room facing the 
corner of the loom which had no chips, and controlled the rcwaids 
Every precaution was taken to avoid giving the animal directional 
cues other tlian asking him for something and thus motivating him 
to respond Tiadei was lelcascd m the room and allowed fiee 
range He would come to the tabic and sit until told to "get some¬ 
thing," or he would explore various parts of the room. When 
properly motivated, he would go to one of the containers and get 
one or moie chips and bring them to the table and give them to the 
experimenter. In exchange, he was given a food reward. If a led 
chip or cliips were brought he was given about one-twenty fourth 
of an orange, if a blue chip was biought he was given a shelled 
peanut; and if a white chip was brought he was given about one- 
tliirtieth of a banana. 

Motivation was contiolled by withholding food from the animal 
for 24 hours before experimentation Usually he was hungry and 
woiked well, but there were exceptional days The number of 
trials given each day depended upon the speed and directness with 
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winch the anim.il worked When he begiin to slow up or to explore 
the room generally rather than woik in the experiment, the woik for 
the day was stopped. 

QnaiUatwe Results The ^netalizcd trading responses soon 
became specific, and poker chips alone instead of objects in general 
were given by Trader in exchange for food He usually woiketl 
very rapidlv He would jvmip to the floor from the experimental 
tabic, rush to a chip deposit, pick up one or more chips and lush 
back to give them to the expenmenfer m exchange foi food. He 
was given food rewauls which coirespondcd to the picdeteiinmed 
association of a food with a color Characteustically thcie would be 
fl scries of responses duting which the same color of chip was given, 
and this seemed to indicate a temporaiv preference foi the food 
which was received in exchange. Foi example, Tjacler would give 
blue chips on certain days for 15 or 20 times in succession and appai- 
ently until he became satiated with peanuts, then he would shift 
and give the svmbols wincli coriespondcd to oranges or bananas 
Since shifts occurred during expciimental peuods, and fiom day to 
day, different preferences wcie shown It can be seen that these 
preference series cannot easily be demonstrated statistically with the 
data wliich we have available. 

Certain scoring possibilities as refinements of our work are worth 
noting. (1). Speed of response might be measured. (2). The num¬ 
ber of chips given m response to the amount and kind of food could 
be recorded (3). The amount of work done for a particular kind 
of chip could be mcasuied (WoUe, 9) (4) The number of possi¬ 

ble cxclianges of difteicnt symbols before the consummatory ex¬ 
change for tlic tiue incentive could be ascertained In further work 
\vc expect to test such measurement possibilities 

At times Tmdcr would obviously make errors’ he would bring 
a particular color of chip, piescnt it, and without waiting for the 
reward, dash back foi another chip of the same color At other 
times he would bring a chip, take the food leward but immediately 
throw It down and behave “as if“ he had anticipated another kind 
of food (Tmklepaugh, 8) Sometimes he would piesent the same 
kind of chip repeatedly but again he would shift to another kmd 
of “symbol ” When strongly motivated, Trader would bring for 
exchange, two, three or four chips and do this in spite of the fact 



C R CARPCNTFR AND N. M. LOCICn 


271 


that only one chip was required for the reward This non-parsi- 
monious behavior would occasionallv persist foi a senes of i espouses 
01 tiials 

TABLE 1 
Procedurp No 1 


Numlier of exchanges, per cent offer of chips, and number of times food uas 
accepted or refused bv the monkey 

Orange Peanut Bnnan.i 


Day 

N 

% 

Acc 

Ref 

% 

Acc 

Ref 

% 

Acc 

Ref 

1 

22 

0 

0 

0 

45 

10 

0 

55 

10 

2 

2 

49 

24 

12 

0 

33 

16 

0 

43 

17 

4 

3 

45 

24 

9 

2 

29 

13 

0 

47 

21 

0 

y 

33 

37 

11 

1 

24 

8 

0 

39 

11 

2 

5 

23 

35 

3 

0 

13 

3 

0 

52 

12 

0 

6 

64 

33 

11 

10 

31 

20 

0 

36 

18 

5 

7 

^3 

46 

8 

u 

54 

26 

0 

0 

0 

0 

3 

43 

30 

5 

3 

70 

30 

0 

0 

0 

0 

9 

4S 

31 

U 

3 

27 

12 

0 

42 

10 

9 

10 

43 

23 

7 

3 

30 

13 

0 

47 

17 

3 

11 

39 

21 

4 

4 

33 

15 

0 

41 

10 

6 

12 

41 

33 

2 

11 

30 

11 

2 

37 

12 

3 

13 

49 

22 

0 

IJ 

31 

15 

0 

47 

20 

3 

14 

32 

50 

7 

9 

16 

5 

0 

34 

11 

0 

IS 

16 

13 

2 

0 

6 

1 

0 

31 

13 

0 

16 

6 

0 

0 

0 

50 

3 

0 

50 

3 

0 

17 

25 

12 

3 

0 

24 

6 

0 

64 

16 

0 

18 

IS 

20 

3 

0 

33 

5 

0 

47 

7 

0 

19 

11 

27 

3 

0 

18 

2 

0 

55 

6 

0 


649 


106 + 76 


214 + 2 


214 -j- 37 


Totals 

132 


216 


251 


Quaiififative Results Tabic 1 kivcs tlic rcsultinp responses dui- 
ing 6+9 tiials with Procedure No 1 'I'hc number of tiials earned 
out dining a single clay langcd from 6 to 64 In this free choice 
situation, Trader gave a white chip 251 times and received a icwnrd 
of banana, gave a blue chip 216 times and u icd chip 182 times for 
lewards of peanut and oiange In 15 of the 19 sessions the per¬ 
centage of choice was highest for the white chip which was ex¬ 
changed for the banana On 12 days the second highest pci cent 
was the exchange foi a piece of peanut, and on 6 of the remaining 
days the second choice was the orange Orange as a reward was 
refused 76 times, the peanut lewaid was icfuscd 2 times, and the 
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banana reward was refused 37 times. The indication is that the 
descending order of food preference is banana, peanut, and orange. 
It would seem peimissible to assume that the anticipation of a par¬ 
ticular food reward was a determining factor in selecting the cor¬ 
responding “symbol" 

Procedure No 2 

This and the following scries were carried out about one yeai 
after tlie first senes. Por this woik, Tiader was placed in an experi¬ 
mental cage equipped with a shutter. Small loiilctte chips weie 
used as stimulus objects. Theie were twcnty-foui chips, 8 red, 
8 blue, and 8 white, placed haphazaidly on the floor of the experi¬ 
mental cage with tlic monkey The chips were renewed at every 
thiid or fourth exchange Approximately equal amounts of food 
consisting of oranges, peanuts, and bananas were used as units of 
incentive, and tlic enmo associations were made as in the previous 
experimental work, namely, red for orange, white for banana, and 
blue for peanut. 

After a preliminary period of general tiading for the purposes of 
adaptation, the following specific procedure was employed. When 
the shutter was raised, Trader would piesent a chip to the experi¬ 
menter and m exchange he was given si corresponding unit of food 
The shutter would then be lowered Tor the most part during the 
experiment, Trader would ofiFci only one chip but sometimes he 
would offer two or more When moie than one chip was offered, 
if tlicy were of the same color they were accepted and the exchange 
of food was made; if they were of different colors they were 
thrown back into the cage and no rcwaid was given. 

pualitative Restilit. "When the shutter was raised. Trader would 
pick up a chip and offer it to the experimcntei At times he would 
begin to icach for a chip, hesitale in a manner cliaiacteiistic of choice 
reaction'; in animals, and then either pick up that chip or reacli for 
a different one He would then turn and give tlie chip to the 
experimenter Trader would frequently go to the opposite side 
of the cage and get a chip, although there weie several chips of 
the kind selected lying near the shuttei, This mav be a cany over 
from the former cxpcrimtnlal situation, Occasionally he would 
hold ft chip in his hand in the period between exchanges, but he 
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would not nccessaiily ofter that chip when the shutter was laised. 
Ho would citlier give the chip to the expcnmentci or he would drop 
It and reach for anothes one or he would hold it m one hand and 
present a chip with the other: hand If a chip was put into the hand 
of the experimenter and it was accidentally dropped, he would get 
anotliei, usually of the same color, and replace tlic one dropped by 
the expenmentci. Occasionally the expeiimcnter would be slow in 
withdrawing his hand fiom the cage aftei the chip had been pre¬ 
sented, and under tJiese conditions, Tradci would often select 
another clup of tlie same color and add it to the one alieadv given 
May we again assume that such action indicated a tendency to 
reinforce the picvious behavior in order that a particular result 
might be achieved^ 

Tiader would not always cat the food after an exchange had 
been made and sometimes he would not even take it from tlic hand 
of the expciimeiUei Infiequently he would lepeat on chips although 
he would lefuse the corresponding food This fact and that of the 
trading activity which could be produced when tlic animal was not 
hungry indicate that trading per se in relation to the facilitation 
by the experimenter had a reward value separate fiom the food 
It might be compared to a kind of play behavior which derives its 
reward fiom the intrinsic activity or from social exchanges 

Qnanixiative Results Table 2 gives the results obtained during 

TABLE 2 
PROCODURB No 2 


Number of exchanges, per cent offer of chips, and number of tunes food 
was accepted Only orange icfuscd 

Orange Peanut Bnnnnn 


Day 

N 

fa 

AtK 

Ref 

% 

Acc 

% 

Acc 

t 

92 

37 

24 

10 

3+ 

31 

29 

27 

2 

53 

2+ 

10 

3 

38 

20 

38 

20 

3 

107 

31 

25 

8 

37 

40 

32 

34 

4 

111 

36 

41 

0 

32 

3S 

32 

35 

5 

150 

38 

57 

0 

44 

66 

18 

27 

6 

75 

37 

28 

0 

39 

29 

24 

18 

7 

8S 

42 

37 

0 

27 

24 

31 

27 

8 

130 

38 

49 

0 

36 

47 

26 

34 

9 

101 

30 

29 

1 

35 

35 

36 

36 


907 


300 

22 


327 


258 
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907 exchanges of chips foi food The numbei of exchanges ranged 
from 53 to 150 iiulic.iting moie strictly controlled conditions and 
a higliei degiee of motivation than that in tlie pievious series There 
were no refusals of the peanut leward nor of the banana reward, 
but the oiange incentive was refused 22 times The responses, how- 
evei, do not piescnt a cleat picture of food preferences Trader pre¬ 
sented the ted chip foi oiangc 322 times, he piesented the blue 
chip for peanuts 327 times, and lie made 258 piesentations of the 
white chip foi banana Fiom the point of view of refusals, peanuts 
and bananas were preferred, wheieas from the point of view of the 
frequency of response, bananas wcie tiaded fot least often It may 
be stated that bananas were included in the daily feeding schedule 
of the ammal These icsults do not entirely confirm the food picf- 
crences shown the picvious year but slnfts in food pieference aie to 
ho expected, especially with cliaiiges in the basic diet of the animal 

Tradci would occasionally offci a "i un” of chips, i.e, five or 
more exchanges of one type of chip foi a particulni Icind of fond. 
Coefficients of mean squaie contingency weie computed for all 
exchanges dunng this experimental period. Since the number of 
classes is limited to 3, this coefficient cannot exceed 816 The co¬ 
efficients obtained for nine days were 18, 47, .18, 13, 17, 28, .25, 
.09, and .24 These coefficients indicate a slight tendency for the 
monkey to offer a chip of the same color as that last given This 
slight pciscveiative tendency may be a function of the size of the 
reward. 

Procedure No. 3 

In oidei to discovei to whnt extent chips were functioning as 
"symbols,” a chip with a very different lewaid value was intro¬ 
duced into the cxpeiimcntal senes. A gicen chip was added with 
bread as the associated rcwaid. Bread was chosen because it was 
observed that this food was not eaten when given as a part of t)ic 
monkey’s basic diet Twenty-four chips were used as m Piocedurc 
No. 2, but the number of chips of each color was reduced to 6 
instead of 8, the cliips were red, blue, white, and green. Prior to 
the first consecutive series of experiments no food was given the 
animal for 36 hours Table 3 gives the results of 150 exchanges 
grouped in units of 10 exchanges each In the beginning, Trader 
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'lAHLE 3 
Procedure No 3 


Number of cxclinnges when bremi chip was added Animal 36 hours 
hungiy Results given in units of 10 



Orange 

Pean lit 

Banana 

Bread Bread Refused 

1 

3 

4 

1 


2 

0 

2 

3 

5 

0 


2 

0 

3 

3 

2 

2 


3 

0 

4 

0 

2 

4 


4 

0 

5 

3 

2 

3 


2 

0 

6 

2 

2 

4 


2 

0 

7 

2 

2 

3 


3 

0 

3 

4 

2 

2 


2 

2 

9 

2 

5 

2 


1 

1 

10 

2 

3 

2 


3 

1 

11 

S 

4 

0 


1 

1 

12 

2 

2 

2 


4 

0 

13 

3 

4 

2 


1 

0 

14 

2 

3 

3 


2 

1 

15 

1 

6 

0 


3 

3 

ate the bicad given 

him in c 

ixchange 

for 

tlic gicen chip, possibly 

because of a 

iiigli degree of Ininger 

He 

then 

refused the bread 

after a few 

exchanges, then 

started 

eating it 

again, and finally 


refused it a second time. On the following day this piocedurc was 


repeated aftci two houis of ahstinaiice fiom food Table 4 gives 
the results of 120 furthci exchanges In this sciics Tradei never 


TABLE 4 
PROCIDURE No 3 

Second seiica with bread cliip Animal 2 houra hungry No bread eaten 
Results given in units of 10. 

Orange Peanut Ii,innii.i Bienil 


1 

2 

3 

4 

5 

6 
7 
S 
9 

10 

11 

12 


3 

3 
2 
2 
2 

5 

6 
0 
0 
2 

4 
2 


3 

5 

S 

2 

3 

2 

2 

3 

5 

3 

1 

5 


2 

2 

2 

2 

S 

1 

1 

4 

3 

2 

2 

1 


2 

0 

1 

4 

0 

2 

1 
3 

2 
3 
3 
2 
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ato the bread He would either not touch it at all or would take 
It from the experimenter and tlirow »t on the floou In both in¬ 
stances the animal continued to offer the green chip until the end 
of the experimentation In terms of frequency of response, the 
bread was chosen third on the first day and fourth on the second 
day 

The following question arose If chips serve as “symbols” tor 
various foods and one of the foods is definitely not preferred, why 
should the monkey continue to offer the "symbol”? It was thought 
possible tliat the act of trading per se might be sufficient motivation 
for the animal to continue exchanging the green chip even though 
bread had a low incentive vaJue In consequence of tins considei- 
ation, the following procedure was introduced. 

Procedure No. 4 

Again there were 6 chips each of red, blue, and white and to 
these were added 6 yellow chips If Tiader offered a yellow chip 
it was thrown back into the cage, the shutter lowered, and no food 
given. Table 5 gives the results of 120 exchanges following the 

TABLE s 
Frocldukc No 4 

NiiinLei of exchanges when no*rcward chip was added, Numbers in 
parentheses Indicate (teqnenc) of return of same chip 
Results kept in units of 10 



Orange 

Peanut 

Banana 

No-reward 

1 

2 

2 

2 

4 (1) 


2 

3 

3 

2 

i 

2 

2 

2 

4 (t) 

4 

2 

0 

2 

6 (4) 

S 

2 

1 

I 

6 (3) 

6 

6 

2 

2 

0 

7 

4 

3 

1 

2 

8 

7 

1 

1 

1 

9 

4 

2 

2 

2 (1) 

10 

6 

4 

0 

0 

11 

S 

4 

1 

0 

12 

3 

4 

1 

2 


overnight period of food deprivation. The yellow chip was offered 
29 times but tn 10 of these exchanges tt was the same chip that had 
]ust been returned/ The decrease in the frequency of the presenta- 



C U CARPENTER AND N. M LOCKL 


277 


tioiis of this chip as the experimental series continued is clearly 
evident. The repeated giving of the same "no value” chip might 
be interpreted as a kind of hypothesis which had to be broken down 
A second inteipietation is that this might have been a “persisting 
non-adjustive reaction.” If a criterion of learning of 27 out of 30 
exchanges be employed^ then regarding the trading from the 50th 
exchange until the end of tlie senes, rt may be said definitely that 
there was an effect which prevented tlic non-reinforced or noii- 
rewarded “symbol” from being used in the exchanges. During the 
last 70 responses, the yellow chip was ofleied only 7 tunes or on 
the average of 1 time out of 10. Further cxpeiiinentation is neccs- 
saiy before definite conclusions can be drawn 

When possible, it is planned to continue these experiments along 
similar lines with a small group of capuchin monkeys. It is hoped 
that the present preliminary report will be of interest and of value 
in stimulating cxiiei {mentation along the many suggested lines 

Summary 

It has been demonstrated that trading or exchange responses 
resembling those reported in chimpanzees by Kohts (4, 5) and 
Wolfe (9) have been shown to lie within the behavioral capacities 
of a Cebus monkey. Heginning with a generalized trading response 
in winch any object was exchanged for food, differentiation occurred 
until a specific object was traded for food The evidence indicated 
that after a large numbci of trials, an association may be established 
between a particular “symbol” and a given kind of food. The evi¬ 
dence IS not conclusive on this point. 

Seemingly a large component of the motivation of this behavior 
resulted fiom tlie residue of the original non-discriminating trading 
habit, from tlie incentives offered by gestures and voice of the 
experimenter, and exploratoiy responses with reference to unfamiliar 
objects However, it can be noted tliat when a disliked food was 
included, the peicentage of the lesponses to the corresponding chip, 
although not zeio, was lowest of all the other cliips. Likewise, when' 
no reward followed the presentation of a chip, tlieie was a ten¬ 
dency for responses to that chip to become cxtinguislicd 

Furthei experimentation is planned along the liries of this pre¬ 
liminary report 
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THE GENERALIZATION OF CONDITIONED RE¬ 
SPONSES; II TPIE SENSORY GENERALIZATION 
OF CONDITIONED RESPONSES WITH VARY- 
ING INTENSITIES OF TONE*^ 


Dcpni liiiPJit oj Psychahgyt Inslitiite of Human Relahons, Yale Utnvcriity' 


Carl Ivpr Hovland 


Introduction 

III a picvious study of the wiitei (11) the gradient of gencralizii- 
tion with vaiviiig fieeiueiicies of tone was experimentally deteimincd 
The intciesting question anscs as to whether a siinilai giadicnt 
of gencialization is obtained when othci aspects of the conditioned 
stimulus arc vaiicd A gcnciahzation of intetistty is constantly as¬ 
sumed in psychological theory but expciimental evidence concern¬ 
ing It has nevei been obtained Bcchtcrcv (4) states that “ . it 

was levcalcd, duiing the inculcation of association icflexcs, that the 
central excitation produced by the stimulation very quickly extends 
to all stimulations of the given oigan and to all dee/ices of tiiiensity^ 
of those stimulations” (p 216). That generalization of this sort 
exists IS suggested by numcious experiments on intensity disci imin«i- 
tion by the use of conditioned-response techniques, particulaily witli 
lower animals. Ilcie the discrimination of intensity docs not appeal 
diamatically on the fiist trial, but differentiation is cstablislied only 
after a long and labonous, tiainlng process [cf Razian (21) and 
Razian and Waidcn (22) foi a review of these rese.iiches] 

While Pavlov (20) does not discuss the gcneiahzation of inten¬ 
sity, he docs icpoit the lem.nkablcof intensity which 
can be obtained. He quotes an cxpeiiment of Tihomoiov (20, A) . 

It was found tfint an> definite degree of intensity of a sound 
could easily be made into a stable conditioned stimulus and 


•Received in the Editorial Oflice on March 9, 1937 

^Tlus study was conducted m the research unit of Professor Clark L Hull, 
to whom the writer is grateful for advice and cntici'im 

This IS the second of a series of studies presented as a dissertation to 
the faculty of the Graduaie School of Yale Unisersity m partial fulfillment 
of the reciuircments for the degree of Doctor of Philosophy in psychology, 
1936 (See 11, 12, 13 ) 
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could be differetitintcd from slightly higher or slightly lower 
Intensities of the same sound , Thus it was found that an 
intensity very closely approaching the one employed as a posi¬ 
tive conditioned stimulus could be differentiated by the dog with 
fill absolute piecision even whctt a pause of 17 hours ftuas made 
bctvieeit the ivio sUmuh? The etpeiimentcr found himself able 
to detect n difference between these two intensities of the sound 
only when they succeeded each other immediately (p 135) 

The possibility of cues or other artifacts was consiclered improbable 
by Pavlov, although he states* 

Unfoitunalclv tlitse txperimenls were conducted in oiii old 
laboratory where the effect of the inhibitory stimulus was 
easily disturbed, .ind it most be left to the future to repeat 
these experiments under more perfect condilions in om new 
laboratory (p. 135) 

The investigation of gcneialization of intensity is particularly 
Interesting from a theoretical point of view Pavlov developed his 
theory of irradiation to explain spatial irradiation, Accoiding to 
this formulation, generalization results from a spread of excitation 
over the cerebral cortex; 

The different sensory places on ihe skin must be regarded 
as projecting themselves upon corresponding areas in the cor¬ 
tex of the hemisphere (p 154) “It mnv be assumed that 
each element of tlie receptor apparatus gains representation 
in the cortex of the herniapheres through its own proper cential 
neurone, and the peripheral grouping of the receptor organs 
mny be regarded as projecting itself in a dchnite grouping of 
nervous elements in the cortex A nervous impulse reaching 
tile cortex from a definite point of the peripheral receptor 
does not give rise to an excitation which is limited within the 
corresponding cortical element, but the excitation irradiates 
fiom Us point of origin over the cortex, diminiahing in in¬ 
tensity the further it spreads from the center of excitation 
Just as the initial point of cortical excitation becomes connected 
with the centre of the unconditioned reflex, so also do the 
secondary points of cortical excitation, and this leads to the 
formation of many accessory reflexes These reflexea decrease 
progressively in strength with increasing distance of the sec¬ 
ondarily excited areas from the point of primary cortical excita- 


‘Itnlics the present writer’: 
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tion, since the magnitude of the conditioned reflex is rigidly 
determined by the intensity of cxatation’* (p. 186)* 

Generalization of this type, while improbable, and "like no 
phenomena yet observed in nervous tissue by the physiologists” 
(Guthrie, 9), might occur with spatial generalization of the type 
investigated by Bass and PIull (3) Neurological evidence docs 
demonstrate a spatial localization upon the cortex of various areas 
of the body The theory might even be applied to generalization 
of tonal frequency, previously studied bv the writei (11), although 
here the evidence is still questionable [Cf Davis. "No (cortical) 
localization of icsponsc with respect to the pitch of a puie tone has 
been detected” (7, p 982)]. With intensity gcneialization, how¬ 
ever, a theory based upon iriadiation over the ceiebral cortex is 
obviously inadequate. The significant variables here are not spatial, 
but are those described by Nafe (19); 

Thus an inrrc.nse in the intensity of stimulation will be fol¬ 
lowed by an inciease m frequency of discharge in each hber, 
an increase in the adaptation time for each fiber, nn increase in 
the numbei of active end-organs per unit of area, an increase 
in the area affected and consequently in the number of end- 
organs activated, an increase in the abruptness of discharge, 
and an increase in the tendency of the individual fibres to dis¬ 
charge together (p 1040) 

Lucas (18) long ago cleaily demonstrated that altering the 
intensity of the stimulus alters the number of active fibres. Tlie 
frequency aspect is especially stressed by Adrian (1, 2). 

Provided that there is nothing to distract our attention 
the intensity of tlie sensation at any moment turns out to be 
proportional to the frequency of the impulses In the sensory 
nerve fiber (2, p 114) 

Investigation of generalization with variations in the intensity 
of the stimulus thus affords an excellent way of testing the geiicial 
validity of the phenomenon of generalization, in a situation where 
the Pavlovian explanation in terms of a cortical "spiead” of some 
neural process is untenable 

Apparatus 

The apparatus used has been previously described (II). The 
galvanic skm reaction (Taichanoft method) was used as the index 
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of conditioning. The unconditioned stimulus w«is an electric shock. 
Sound stimuli, produced by the Geneinl Radio beat-frequency oscil¬ 
lator, were employed as conditioned and accessoiy stimuli The 
tones were received thiough earphones. The subjects were seated 
in an adjoining sound-proof room. 

The time relations weie maintained the same as m the previous 
experiment The conditioned stimulus was picscnted for 400 milli¬ 
seconds After a pau«e of 95 milliseconds, the shock stimulus, last¬ 
ing 75 milliseconds, was given The lemforcements and test stimuli 
were presented at approximately oiic-minute intervals, varied sj^s- 
tein.iticallv ten seconds in either direction to pievent tempoial 
conditioning. 


Procedure 

The investigation of intensity generalization is rendered extremely 
diflicuU by the fact that intensity itself has a maikcd influence on 
the magnitude of response. This has been shown for conditioned 
salivaiy responses by Kupalov, Lyman and Lukov (16) and by the 
writer (14) foi conditioned galvanic skin response The technique 
which seemed to counteiact this difficulty most satisfactorily was 
to select test stimuli spaced on a scale of intensity by equal numbers 
of just noticeable diflerences. One gioup of subjects could then 
be conditioned to the strongest intensity and an equated group to 
the weakest intensity of stimulus The generalization gradient for 
the first group would have supciimposed upon it a decreasing 
gradient of lesponse to the moic distant tones determined by the 
decreased intensity of stimulation per se. With the second group 
tlic giadient of lespoiise to intensity itself would opciate in the 
icversc direction. Pooling of the responses to the conditioned 
stimuli, both weakest and strongest, and of the responses to the 
acccssoiy stimuli enables one to determine the gradient of intensity 
Seneialixahon with the intensity effect pei ie held constant. Sound 
stimuli weic used because of the precision of control which they 
permit. The cxcicme of intensity, either at the weak or at the strong 
end of the scale, paiied with the unconditioned stimulus is labeled 
stimulus 0. Tlic three other intensities, 50 j n d ’s apart, whicli weic 
not presented during reinforcement, are designated as stimuli L 2, 
and 3, respectively, m order of decreasing proximity to the condi¬ 
tioned intensity. 
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Had the loudness scale (Churchcr 6, Stevens 24) been available 
at the time, it would undoubtedly have been more satisfactory to 
have used it The gcneialization gradient obtained in the experi¬ 
ment would not have been greatly affected, however, since the coun¬ 
terbalanced groups made the distances equal determined fiom cither 
extieme of intensity 

Fletcher (8) has piovideci piecise data on the number of just per¬ 
ceptible diffeiences in intensity of tones at various ficquencies, and 
so his results tveic utilized, Tlie frequency of the tone emploved 
in the present expeiiment was 1000 cycles. At this frequency there 
aie, according to Fletchei, 374 just peiceptiblc difteienccs in intensity 
between the thieshold of audition and that of feeling The intensi¬ 
ties chosen foi this experiment were taken at intcivals of 50 just 
noticeable diffeiences. The weakest tone was 40 decibels above 
thieshold, the othei intensities being 60, 74, and 86 decibels above 
thieshold, respectively The vniious intensities were obtained by 
the use of the accessory attenuation box. 

Thirty-two undergraduate students, paid by the hour, ■were em¬ 
ployed They were unfamiliai ■witli the process of conditioning 
Foul subjects were rejected because of unsatisfactory galvanic re¬ 
sponses bcfoic the final gioup was selected. 

A comparison of the responses to two piesentations of the shock 
before conditioning shows that the two groups did not differ sig¬ 
nificantly The first gioup had an average magnitude of response 
of 41 7 mm of galvanic deflection, while the second .averaged 40.3. 
The entiic ptogram of the experiment comprised three steps, of which 
the above contiol was the first 

I Test response to sliock twice 
II Give 16 paired prcscntationg of shock and intensity 0 
III Test response to intensities 0, 1, 2, and 3 three tunes each 
(Cycles I, II, and III in Tallies I and 2) 

The test lesponses were taken in a pieananged permutational oidcr 
to counterbalance extinctive effects and other variable factors. 

Results and Discussion 

The icsults presented in Tabic 1 show the magnitudes of response 
to the conditioned stimulus and to the adjacent intensities during 
the three cycles of testing. Each cycle includes one test with e.ach 
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of the four intensities. For convenience m discussion, the detailed 
records of Table 1 are summarized in Table 2 

TABLE 2 

SrJMVIARV Tabie 

Magnitudes of galvanic response (in mm) during successive cycles of (he 
testing program to condilioned intensity (0) and adjacent intensities of tone, 
50 (f), 100 {2), and 150 (J) jad'a removed 
16 subjects in each group. 



0 

Tonal stimuli 

1 2 

3 


Grouup conditioned to 86 dh 

intensity 


Cycle I 

16,03 

14 66 

11 87 

10 47 

Cycle 11 

18 16 

13 36 

10 67 

8 20 

Cycle III 

17.87 

1210 

10 28 

8 04 


Group 

conditioned to 40 db 

intensity 


Cycle I 

11.32 

1124 

15 06 

1691 

Cycle II 

U 62 

13 73 

15 12 

17.35 

Cycle III 

10 96 

10 97 

1271 

12 99 



Combined groups* 



Cycle I 

13 67 

1445 

13 46 

13 69 

Cycle II 

U89 

13 54 

12 89 

12.78 

Cycle III 

14-41 

11 53 

11.49 

10 51 

Mean 

1431 

13 17 

12,62 

12 32 

PEm 

0 60 

0 57 

0.44 

065 


The mean responses for all of the subjects to the conditioned and 
adjacent intensities of sound for successive cycles of testing are shown 
graphically in Figure 1 In compaiison with the gradient which was 
pieviously obtained foi gciieinlization of fiequencv (11), the type of 
gradient is mucli less steep for intensity, especially in view of the 
fact that the distances in jn.d's between the stimuli were laiger in 
the present study Tins outcome is perhaps to be expected in the 
light of vsucli results as those of Upton (25) which demonstrated 
that continuous reinforcement of a given tone was accompanied by a 
high dcgiee of differentiation with lespect to frequeiicv, hut “th.it a 
generalized conditioned response to all available intensities of the 
conditioned frequency had been established^' (p 421) The marked 
generalization found with the galvanic skin response has recently 
been commented upon by Campbell (5). 


*The data obtained from the two groups of subjects are pooled to eliminate 
the effect of intensity per se. This procedure is justidable in the present 
case hecQiisc the relationship between intensity and magnitude of response 
is essentially linear (See 1+ and below) 
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TEST STIMULI 

FIGURE 1 

GENERAtIZATIOJI OF CONDITIOKED EXCITATORY TENDENCIPS WITH VARYINO 
IKTBH3ITIE3 OF TONE 

Responses to conditioned intensi^ of tone (0) and to adjacent intensities 
of tone, SO {1), 100 (2), and 150 (^) jnd's leinoved, duiing successive 
c>clcs of testing 


It will Ite observed fiom the results shown in Figure I that the 
aveiage of the first responses to the conditioned intensity is smaller 
than the average of tlie responses to the novel intensities, but that 
with subsequent testing the lesponse to the conditioned intensity 
increases, The wiiter (10) has suggested an explanation for this 
phenomenon based on ''inhibition of remfoicemeiit,” Continuous 
reinforcement results in an adaptation to the conditioned stimulus- 
uncondittoned stimulus combination. Pavlov (20) tersely states 
that an identical stimulus “applied at short intervals of time quickly 
diminishes m its cftcct” (p 248). This adaptation may be labeled 
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for tonvenience "inliibition of reinforceraentj'* since it displays the 
characteristics of other forms of "inhibition” described by Pavlov 
The omission of the unconditioned stimulus during testing, as well 
as the presentation of the novel stimuli, will produce "disinhibi- 
tion,” resulting in a larger response on the second test triaU 

Quite inaiked in the present experiment, and much more pro¬ 
nounced in an accessory experiment on tactually conditioned re¬ 
sponses, IS the augmented size of the response to the intensity 
farthest removed from the conditioned stiiiuilus on the first cycle 
of testing. Pavlov would call this phenomenon “induction.” No 
satisfactory explanation is available at piesent. The experiment of 
Robinson (23) on the similarity factor in retroactive inhibition is 
recalled. Heie he obtained a continuous decrease in efficiency 
of recall with decreasing similarity of original and interpolated 
material, but on the fiist cycle of testing m each phase of tlic study 
there was an upturn in the amount of recall when the material 
became completely dissimilar "Only m the first cycle do we find 
the inversion that is supposed to exist in the relationship between 
similarity and letroactioii” (p 306) "Just how unfamiliarity with 
the mode of presentation should produce this inversion, which fur¬ 
ther practice obliterates, is not at all clear” (p. 308) ° 

Another interesting phenomenon observed is the differential rate 
of extinction of the conditioned and "generalized'” responses The 
decline in the magnitude of the responses is veiy gradual. In the 
case of the subjects conditioned to the strong intensity of sound 
the average magnitude of response during the three cycles of testing 
even rises, presumably as a result of the opciation of "inhibition of 
reinfoicement” described above The generalized responses, on the 
other hand, appear to extinguish much more rapidly. It will be 
seen that the decrease in the size of the generalized responses is 


similarity in the manifestations of generalization and retroactive 
inhibition in a wide variety of situations suggests the possibility of inte¬ 
grating these two diverse ^eids of study by theoretical systematization, in 
much the same way that Lepley (17) and Hull (15) ha\e bridged the 
gap between phenomena as seemingly unlike as trace conditioned reflexes 
and tote learning True mtegration of these two distinct aspects of learn¬ 
ing would demand that relationships observed between variables in the 
first system would be paralleled by similar i clationships in the second 
A large number of such paiallels are obtained. Discussion of this problem 
IS reserved for a later article with Eleanor J. Gibson, who is working on 
related experimental problems at present 
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fairly regular, although there is no deal relationship between the 
degree of remoteness from the conditioned intensity and the rapidity 
of extinction. The slope of the gradient of generalization, deter¬ 
mined by dividing the response to intensity 0 and 1 by that to 2 and 
3, changes fiom 1 03 on the fiist cycle to 1 18 on the tliircl Tuithcr 
study of this problem has been made in another paper of the present 
senes (12). 

One set of incidental results may be mentioned. If the magni¬ 
tude of response is plotted against the intensity of stimulus used, 
whether the stimulus w.as used in the conditioning process or was 
presented for the first time in the test senes, the results given in 
Table 3 are obtained These results ate m agreement with the study 

TABLE 3 

Averaob MAonitude op Gaivamic Response to Each of the Four Imtbw- 
siTies OP SouNO Stimuli 

Decibels above threshold 40 60 74 86 

Response (in inm.) 10.10 11 97 13 82 16.52 


of the writer (14) on the iclationship between the intensity of the 
conditioned stimulus and the magnitude of the galvanic response, m 
showing a relatively linear lelationship between intensity and re¬ 
sponse when the stimuli arc separated by an equal number of just 
noticeable differences in intensity 

An adequate theoretical explanation of the generalization of in¬ 
tensity is difficult to make at piesent. It has already been pointed 
out that the theory of Pavlov, in terms of a cortical “spread," can¬ 
not covet this type of gcnctahxation How the factors of fre¬ 
quency of discharge, number of end-organs, activated adaptation- 
time, etc., involved in intensity discrimination affect the extent and 
nature of gencialization we do not know, 

Guthrie (9) has recently advanced a quite diffeient theory to 
explain generalization: 

We have exceUent reasons for UcUeving that the condidons 
determining these two phenomena are not the obscure and 
speculative brain changes suggested by Pavlov, and that they 
will be found to depend on certain conditions more open to 
observation. We may first remark that the substitute stimulus 
of the laboratory record is probably not the actual conditioner 
The actual stimuli .. are movement-produced stimuli attend- 
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ing on listening to the tone or on shifting position in response to 
touch The fact that cue and reflex can be separated by 
several minutes makes this even more probable 
If these movement-produced stiinuH are the actual condi¬ 
tioners, the stimuli actually contiguous in time with the re¬ 
sponse, the phenomenon of generalization or irradiation is very 
simply explained. Listening to a different tone may involve 
listening movements so much like those called out by the prac¬ 
ticed cue that these similar movements furnish the real condi¬ 
tioners of the action (pp 87-88). 

This tlicoij' has much to iccommeiid it. It is simple, based on 
stiaightfoiwaid physiological mechanisms, and applies as well to 
intensity vanations as to frequency or spatial variations Tlie 
thcoiy IS so phiascd, however, as to be most difficult to demonstrate 
or disprove 

Summary 

1. Generalization of intensity was studied with tonal stimuli 
Tout tones spaced at 50 } n d.'s in intensity were employed. To 
hold constant the cffiect of intensity per se^ one group of subjects 
was conditioned to the weakest intensity, while an equated group 
was conditioned to the strongest intensity of tone. Fooling of the 
two gioups thus permitted the clcteimination of the generalization 
gradient independently of the intensity effect per se. 

2 The conditioned response was the galvanic skin reaction 
measured by the method of Tarchanoff The tones used as condi¬ 
tioned stimuli were piesented for 400 milliseconds. The electric 
shock used as the unconditioned stimulus lasted 75 milliseconds 
The pause between conditioned and unconditioned stimuli was 95 
milliseconds. 

3 The gradient of generalization obtained shows the same 
general form as that for ficquency generalization but is less steep 
Almost complete geneialization with respect to intensity is indicated. 

4 The strength of the conditioned response increases initially 
during testing, presumably as a result of the disinhibitioii of the 
“inhibition of reinforcement 

5 The data suggest a more rapid extinction late of the gen¬ 
eralized than of the conditioned responses. 

6. The increase in magnitude of galvanic response with in¬ 
creased intensity of stimulation is almost linear when the stimuli 
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are separated by equal numbers of just noticeable differences in 
intensity 

7. A large number of pnrnllels m the phenomena of generaliza¬ 
tion and of retroactive inhibition suggest that the two fields may 
be integrated by theoietical analysis 

8. The theoiy of generalization advanced by Pavlov is com¬ 
pletely inadequate to cover intensity generalization. Guthrie's 
theory is simple and does cover this form of generalization, but is 
cxtiemely difficult to test crucially. 
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SURVEY OF EXPERIMENTS OF CHILDREN’S ATTI¬ 
TUDES TOWARD PARENTS 1894-1936* 

Slate Bureau of Juateutle Rcseaichj Coluuibm, Ohio 


Ralph M Siogdill 


Children’s attitudes towaul parents liave been occasional subjects 
of scientific inteicst and experimentation over a period of several 
decades. Howcvei, no systematic investigation of a comprehensive 
sort has been undertaken This dcficiencv is ratliei surpnsing in 
view of the large body of sociological, psychological, and psyclio- 
analytic wiitings describing children’s reactions to parental behavior 
and home atmosphere 

The piesent suivcy of experimental literature was undci taken with 
the aim of determining what had been accomplished in the field of 
mcasuiing children’s attitudes by means of tests and ciuestionnaircs. 

The following abstracts contain, in general, a brief description 
of the experimental procedures employed in the investigations and a 
statement of results obtained. Only those studies are included in 
which some measuring device (questionnaire, interview form or test 
blank) was employed for recording and scoring attitude responses. 

Till! Invistigations 

As early as 1894, Baines (4), influenced by the work of G. Stan¬ 
ley Hall, analyzed the responses of 4,000 children (ages 7 to 16) 
who described punishments they bad received. It was found that 
“children do not object to any of tlie oidinary forms of punishment 
because of the penalty itself.” Children do object to unjust punish¬ 
ment—that is, punishment administered when the child feels that 
he was innocent of any wiongdoing or unable to avoid an accident, 
punishment administered without any reason being apparent to the 
child, and punishment which appears to be spiteful or unusual 

The types of punishment advocated by 3,000 school children were 
analyzed by Scliallenberger (23) Whipping, sending to bed, and 
confining are advocated with decreasing frequency from the age of 

•Received in the Editorial Office on March 17, 1937 
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six to sixteen; while explaining, excusing and thieatenmg are men¬ 
tioned with increasing frequency from the younger to the older ages. 
Boys are somewhat more severe than girls, and younger children 
are less meiciful than older ones Young children judge actions 
by their results, while older ones look at the motives which prompt 
them 

Goddard (8), using a questionnaire technique, found that Ger¬ 
man children differ considerably from American children iti the 
gieater frequency witli which the)' choose paients as ideal men and 
women. Goddard (8), Dairah (7), Baines (3), and Chambers (6) 
found that American, English, and German children choose parents 
less frequently as ideals as they progress fiom the age of seven to 
sixteen. Although bovs seldom choose a woman as an ideal, a large 
peiccntage of American giils clioose men as ideals, and the peicentage 
increases with age 

A qucstlonnaiic study made by Nimkoff (20) on 1,336 males and 
1,336 females (with average age about 18 years) indicates that 
both sons and daughters give more willing and complete obedience 
to the mother than to the father, conHde in the mother more often 
than the father, and are more willing to share recreational experi¬ 
ences with the mother than with the father Daughters, however, 
are more obedient, confiding and moic ficquent companions to tlicir 
mothers titan suns are. 

L 5 'ncl and Lynd (15) made a questionnane study of childien’s 
attitudes as a part of their investigation of the social structure of a 
typical American city The most fiequent sources of disagreement 
between children and parents according to the replies of 348 boys 
and 382 girls arc: hour of getting in at night, number of nights out 
during school week, spending money, use of automobile, and the 
boys and girls chosen as friends. High school boys and girls are 
closely agreed as to the relative desirability of certain traits in a 
father. Such traits as spending time with his children, respecting 
his clnldien’s opinions, and never nagging are rated as being more 
important than owning a good-looking car, being socially prom¬ 
inent, and being well dressed. Boys and girls are also closely agreed 
that, in a mother such traits as being a good cook and housekeeper, 
never nagging, and respecting children's opinions are moie important 
than being prominent in social life, being well dressed, being a good 
hostess and being a college graduate 
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An extensive Child-Paicnt Rclattousliips qucstionnaiie was used 
by Bowcis (5) with 1,168 high school and college students The 
girls believe that they are favoted by their fathers, and the boys 
that they are favored by their mothers. There is a preponderance 
of preference foi the mother by boys and girls at all ages. The 
mothci does a largei part (mother 54 per cent, father 31 per cent) 
of the punishing, “but whethci the punishment is administered by 
tlic mother, the father, or by both parents, a preponderant percentage 
still picfeis the mothei ” A laige pciccntagc (42 pei cent) felt 
that they had been unjustly punished, and 45 per cent resented 
punishment. An average of 40 per cent of the children fear the 
fatliei, and 19 per cent feat the mother, although the children come 
fiom the better class of home 

An interview study of parent preferences was made by Simp¬ 
son (26) Hci results, obtained with 500 childien (ages five to 
nine), indicate that childicn of both sexes gcnciallv piefci the iiiotlicr 
to the father, and prcfcience for the fathci declines with t)ie age 
of the child According to the reasons which the childicn them¬ 
selves give foi their picfercnccs, they like the patent best wlio cateis 
to thcii physical wants, expresses affection for them, plays with them, 
and punishes tliem least. 

In a questionnaire study of 40 delinquent and 40 non-delinquent 
boys, Reinhaidt and Fowler (22) found that approximately twice 
as many of tlie delinquent bovs regarded as the “meanest man** 
one who whips his children Seventy pei cent of the delinquent boj’s 
gave tins response 

Mcltzer (18) used a standaid form for recording childien’s free 
association iespouses in an interview One hundred /iftv school 
childicn, 8 to 16 years of age, each gave 10 attitude icsponses towaid 
each parent “Reactions classified as vciy mildiv oi barelv pleasant, 
added up to 65.5 per cent of all responses fot mother and 61 per 
cent for fathci, unpleasant reactions, similaily subdivided according 
to intensity, totalled 4 pei cent foi motlicr and 7 6 per cent for 
father'* Fatheis are moie frequently mentioned as the peison 
who “takes me places,” “gives me,” and "plays with me I” Expres¬ 
sions of love, loyalty and relationship arc more frequently mentioned 
regarding the mother Sixty pei cent of all responses indicate some 
form of dependence 

In a recent elaboration of this method, Meltzer (19) studied the 
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association lesponses of children from three distinct socio-economic 
groups licli, middle class, and very poor. Children fiom the pooiest 
and richest homes think of parents in teims of "peisonality char¬ 
acteristics,” while "does things for me” is given most fieqiiently 
as a characteristic of middle class parents Childien fiom the low¬ 
est economic group give most reactions relating to "tieatmcnt and 
discipline” Middle class childien give the largest number of 
"emotional acceptance” reactions, while lowest class children give 
the most "hostile” leactions Fear, guilt, and adoiation leactions 
aic given laigely by children from the lichest homes, shame reactions 
by the middle class, and ambivalent reactions bv the pooiest chil¬ 
dren. Attitudes signifying insecurity aic found laigely in children 
from the poorest homes. Both over-dependence and rejection atti¬ 
tudes aic expressed by the rich children Middle class cliildren 
regard paients as less repicssivc than do the othci two groups 

Using a standard mtctvicw form with 107 juvenile delinquents, 
Newell (21) found that 64 per cent of the boys and 56 per cent of 
the girls stated that their fathers did most of the punishing at home 
Fifty per cent of these children say they were punished more thun 
any of their brothers and sisters. Preponderant percentages of these 
children preferred the parent of the opposite sex. Eighty per cent 
of the bovs piefer the mother, and ten per cent the fathei; while 
only 33 per cent of the gnU prefer the mothei, and 53 per cent 
prefer the father. Theie is a definite tendency for jealousies to be 
felt toward siblings favored by the parents, particularly by the 
parent opposite in sex from the patient. 

Analysis of the case rccoids of 40 problem children (8 to 10 
years old) by Yurnclle (37) indicates that boys prefer the mother, 
no matter wJiat her attitude toward the child. Girls tended to 
prefer the parent who picfcircd or over-protected them or played 
the dominating role in the family "The boj's who weie over-pro¬ 
tected by tlieir mothers tended to have personality difficulties, while, 
to a less degree, those who were icjected displayed socially un¬ 
acceptable behavior” The children who preferred the mother 
tended to prefer being alone to paiticipating in group activity. 

The Thurstone technique was employed bv Stagner (27) in con¬ 
structing two scales for measuring attitudes toward one's mother and 
father. Two groups of male college students, one emotionally stable, 
the other emotionally unstable responded. "It is indicated that 
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emotionally unstable young men have decidedly less favoiable atti¬ 
tudes towaid tlieii fathers and slightly more favorable attitudes 
toward then mothers” Stagiiei (28) also found that m the con¬ 
struction of his scale the mean values of the male sorters for the 
father and mothei scales are identical, Mhile women sorteis favor 
their fathers. 

A questionnaire study made by Stevens (29) compaiing 100 
adult recidivists with 100 college freshmen indicates that very strict 
home discipline and strict religious atmosphere in early life are 
associated with subsequent antisocial behavior Stiict home atmos¬ 
phere, parental incompatibility, and lack of paient-child comiade- 
ship weie significantly moie prevalent in the delinquent group 

Watson (35) reports the results of a questionnaire which was 
rated by 230 graduate students in education. Those students who 
had been sevciely punished and were stiictlv supervised and over- 
piotectcd as childicn found themselves suffering more serious per¬ 
sonality maladjustments as adults than did those students whose 
parents ticated them leniently in childhood 

An elaborate questionnaire was employed by Woodward (36) in 
his investigation of the factors infiucncing the religious lives of 384 
adults whose religious beliefs range from conservatism to atlicism. 
Henlthy-mindcdness, rebellion against discipline, and friction between 
parents all show negative correlations with adult religious life 
Self-consciousness seems especially to follow strong maternal oppo¬ 
sition, and to be accompanied by insecurity, habits of worry, and 
lack of friendships Friction between tire parents is associated with 
the child’s rebellion against parental discipline and with friction 
between siblings 

Through the administration of a set of scales for measuring 
attitudes toward the behavior of parents and children, Stogdill (30, 
31) found that there is a close con elation between the attitudes of 
college students and parents while psychologists are significantly 
moie liberal in their viewpoint Subsequent studies (32, 33) reveal 
that students arc somewhat more liberal than parents in granting 
children freedom from parental control Students who reported 
having been severely punished as children endorsed the strongest 
control, while those who resented punishment endorsed freedom 
from control. 

Four hundred children from 4th giade elementary school to 
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4tli year in college listed 1,695 advantag:es and 2,287 disadvantages 
fiom mothers’ woiking regularly outside the home, m a study 
made by Mathews (16) The younger childien’s objections 
aie based laigely on the desire for physical comfort and protection; 
while with increase of age, social factois, such as standing of family 
in the community, became increasingly important. In a subsequent 
study, Matthews (17) used a “Home Blank” of 100 items asking 
questions of fact about the home and also whether the child was 
made happy or unhappy by these tacts The subjects were 568 
children, grades 5 to 9 Of these, 100 children were found whose 
mothers worked out of tlie home These were carefully paired 
with 100 cliildrcn of non-woiking mothers, keeping constant age, 
grade, sex, school, father’s occupation, and community The two 
groups diftcicd more in socio-economic status than jn attitude The 
slight diffetenccs in attitude found were m favor of the cluldien 
of jion-woiking mothers. 

A questionnaire study made by Leonnid (13) of 303 high school 
girls conceining motliei-dnughter lelationsliips indicates that daugh¬ 
ters are more likely to confide in the mother who is patient, sym¬ 
pathetic, and willing to accept a joint decision, and that a wholesome 
confidential relationship is hindcicd by such factors as emotionality 
m the mother (yelling, nagging, weeping, ridicule), or misunder¬ 
standing of the girl’s attitude, actions or problems. Leonard (H) 
also used separate questionnaires with 203 freshman girls and theli 
mothers in a study of mother-daughter relationships. A marked 
correlation was found between pool social adjustment in the gills 
and dreading to leave home, homesickness, mother’s civmg, desire on 
part of girl to retiun home or have the mother’s comfort and 
presence at college Tlierc was found to be a positive relationship 
between a good social adjustment and smoking, moie than one love 
affair, and understanding by the mother of her daughter’s sex 
problems 

Klein (11) had the questionnaiie results of 70 men students 
rated by three judges to determine the degree of “father antagonism” 
expellenced by these individuals. A correlation of 0 60 was found 
between father antagonism and radicalism scores made on a ques¬ 
tionnaire on public issues. 

Similar results are reported by Allport (1), who found that 
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radical college students disagree witli then fatliers in political 
opinions far more fiequently than do conservative students 

Hams, Remmers, and Ellison (9) used Harper’s "Social Study" 
questionnaire with 307 college undergraduates Both men and 
women students who disagree with their fathers’ politics are more 
liberal in theii social attitudes than are the students who agree with 
their fathers 

Telford (34) used Thurstone’s scale for the measurement of 
attitudes towaid the treatment of criminals Of 160 students who 
stated the religious affiliations of their parents, 24 cases were found 
wheic the fathei, mother and child did not belong to the same 
church The 24 students in tins group were more liberal in their 
attitudes than the average for the group as a whole In cases where 
father and mother belong to different denominations, the mother is 
more dominant in deteimining the church mcmbciship of the children. 

A questionnaire study made by Anderson and Dvorak (2) with 
30 students as subjects revealed that “college students differ from 
their parents and grandparents on the standards on -which they base 
theii conduct, in that they prefer the standard of prudence and 
esthetics to that of right and wrong The greatest differences in 
standards of conduct occur between age groups rather than between 
sex groups" Students differ from grandparents and parents more 
than parents and grandparents differ 

Shuttleworth and May (25) used three check lists of attitudes 
toward home and parents in their comparative study of the attitudes 
of children wlio attend movies frequently and those who attend 
rarely or not at all. The slight diffcicnccs found in attitudes 
towaid parents indicate that "movie children aie more discriminating 
and more sensitive to parental approvals and disappiovals.” 

The attitudes of 4,000 high school pupils were measured by Kulp 
and Davidson (12) on an International Attitude test. The group 
studied included 91 pans of brothers, 85 pairs of sisters, 155 pairs 
of brotliers and sisters, making a total of 331 pairs. The results 
indicate that the "resemblance of siblings in social attitudes can be 
measuied by a correlation coefficient of about 0 32 and resemblance 
of random pairs can be measured by a coefficient of about 0.00." 
Sisters, probably because they are more closely supervised by the 
home, show a somewhat closer lesemblance in attitudes than brothers 
do 
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Another study indicates that children resemble tlieir parents in 
moial standards more closely than any one else Hartshorne, May, 
and Shiittlewortit (10) compared childicn’s scores on a moral 
knowledge test with the scores of other persons with whom they 
were closely associated The following correlation coefficients were 
obtained, childicn with paients .545; children with friends .353; 
clilldien with club leaders 137, childicn with school teachers .060; 
childien with Sunday school teachers .002 

Slteiman (24) has made a study of factors influencing the develop¬ 
ment of attitudes of childien living in four more oi less isolated 
mountain communities It is apparent fiom his data that the lower 
the status of the community in the scale of social development the 
more neaily does the general behavior simulate the expressed atti¬ 
tudes Children in the moie isolated communities do not change 
their attitudes for the purpose of winning adult approval or making 
a good impicssion as leadily as do children in communities of higher 
social development. 

Summary 

The results of these studies may be summarized as follows 

1 Cliildren feel a high degree of dependence on their parents 
(18) ; although they become less dependent on parents, and choose 
parents less frequently as ideals as they advance m age from six to 
sixteen (3, 6, 7, 8). 

2. The mother is prefeired to the father as a parent by unse¬ 
lected school children of both sexes (5, 18, 20, 26, 37); while 
delinquent and problem children are likely to prefer tlie parent of 
the opposite sex, especially if that parent is over-protective (27, 37) 

3. Preferences for paients are formed largely on a “value re¬ 
ceived” basis, especially by younger children Older children give 
more sophisticated reasons for their preferences (16, 17, 18, 26). 
Childien feel that paients tend to prefer oftspiing of the opposite 
sex (5, 20). 

4. Children resent seveie and unjust discipline (4, 5, 21, 22, 
23), and prefer greater freedom from control and supervision than 
parents consider desirable (15, 32, 33) Child guidance specialists 
are even more insistent than children upon the desirability of 
freedom from'Wo strict parental control (30, 31, 32, 33). 

5. VdrV strict discipline and stiict religion in the early home 
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life of the child may be associated with later personality maladjust¬ 
ments, delinquencies, or unhappiness On the other hand, children 
who come from homes wheie discipline and leligious attitudes are 
lax are more likely to be happy and well adjusted (13, 14, 29, 35, 
36, 37). 

6. Young people who feel a certain amount of antagonism to¬ 
ward then parents or wlio disagiee witli theii parents aie likely to 
be Hbeial in their attitudes on social and moral questions (1, 2, 9, 
11, 34). 

7 Thcie IS evidence that children’s attitudes and behavior are 
highly dcteimined by the natmc and complexity of the social cn- 
viionmcnt m which they aie leaied (24) Parental and family 
influences aie moie potent than such factors as intclliKcnce and socio¬ 
economic status In determining chilchen's attitudes (10, 12, 33), 
although social status may be a conditioning factoi (19). 
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PERSONALITY TESTS OF DEAF ADULTS**^! 

Teacben College of Columbia Unmersity, and Gallaudet College 


Rudolf Pintner, Irving S. Fusfcld, and Lily Brunschwig 


Introduction 

Ic IS often held that physical handicaps leave their imprint on the 
emotional life of the individual This is considered to be particu¬ 
larly true in the case of deafness as the auditory defect tends to 
lestiict the range of cxpeiiencc and to isolate the individual so 
affected from ready social relations with the normal hearing. More¬ 
over, peisons who have been without hearing from early childhood 
frequently suffer also from a marked language handicap since the 
most important avenue of verbal communication is closed to them. 
Their vocabulary is often meager and their comprehension of the 
written word restricted. All of these factors are likely to influence 
the personality adjustments of the deaf. 

Objective studies of the personality adjustments of adults suffer¬ 
ing from different degrees of hearing loss are few in number. 

Welles (4) administered the Bernreutei Peisoiialiiy Inventory to 
225 urban hard-of-heaiing adults and compared the scores with 
tliose of comparable normal hearing subjects. He found the hypa- 
cousic group to be significantly more emotional, more introverted 
and less dominant than the hearing control group. Tiiere was no 
marked difference between the two groups in self-sufficiency. 

Pintner (3) studied emotional stability among rural Jiard-of-lieai- 
mg groups by means of the Beinrcuter Invenloiy and made com¬ 
parisons with results from equivalent normal hearing subjects. The 
hypacousic gioup proved to be decidedly moie neurotic, more intro¬ 
verted and moie submissive than its control hearing group In addi¬ 
tion, the hard-of-hcaring scoied as more self-sufficient 

Somewhat similar results were obtained by Lyon (2) in his study 
of deaf high school pupils. On the basis of the Thurstonc Pei son- 
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aUty Schedule, tlie percentage of deaf fjigh school pupils classified 
as emotionally maladjusted was found to be twice that of college 
freshmen of corresponding age. 

The Problem 

The present study is concerned with some personality adjustments 
of deaf adults, as indicated by then scores on the Beinreuter Per- 
S07i(iUty InveiitQiy, m comparison with norms for the hearing and 
in relation to several personal factors. 

Try-out of the Bernrbutfr Inventory on Deaf College 

Students 

To ascertain whether the Bernreuter Test would serve as a valid 
measure of the personality adjustments of the deaf, the inventory 
wna tried out on 50 deaf students in attendance at Gallaudet Col¬ 
lege. Six faculty members rated the students, with whom they were 
acquainted, on a nine-point scale in the tiaiis included on the test, 
i e., neurotic tendency, self-sufficiency, introversion and dominance 
Correlations between Bernreuter scores and tlic ratings of college 
students are shown in Table 1. 

TABLE I 

Correlations betwbbn Bsrnrbutbr ScoRis and Instructors' Ratings op 
Gallaudet College Students in Neurotic Tendency (Bi-N), Self- 
Sufficiency (B2-S), Introversion (B3-I) and Dominance (B+-D) 


Rater 

Bl-N 

B2-S 

B3-I 

B4-D 

No of 
Cases 

B 

U±.ll 

18± 10 

.28± 10 

€2± 07 

42 

D 

.19±,09 

17± 09 

34± 09 

.495± 08 

46 

H 

16±,09 

35± 09 

— 07±.10 

44± 08 

46 

K - 

vl5±.10 

28± 09 

— 06± 10 

33± 09 

46 

N — 

• ll±.ll 

53±.08 

.27±.I0 

49±.08 

43 

R 

I2±.n 

25±.10 

—-.39± 10 

.48+.0S 

39 

Mean rating— 

•07± 10 

43it: 08 

14±.10 

5S+07 

46 


Whereas practically no correlation occurs between ratings and 
test scores in the areas of neurotic tendency and introversion, the 
agreement in self-sufficiency and dominance is fairly close It may 
be that the traits termed self-sufficiency and dominance weie more 
easily identified by the raters than were neuiolic tendency and intro¬ 
version , or It may be that the latter two traits were not adequately 
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measured in deaf subjects by the IBcrnreuter Invento,y In view of 
the relatively low correlation coefficients usually obtained between 
personality test scores and ratings, it would appear that the Bcrn- 
reuter Test measures in deaf subjects to some extent in two traits 
characteristic modes of adjustment which are visible to outside ob¬ 
servers 

Revision of the Bernreuter Inventory 

The college students to whom the Bernreuter Test was administered 
constitute a selected group with respect to educational status and 
comprehension of English. The aim now was to leword the inven¬ 
tory so as to make it comprehensible to a moie inclusive population 
of deaf adults without theieby alteiing the original significance of 
the test questions With this end m view, items winch contained 
involved idioms or difficult sentence constructions were simplified. 

Since, in spite of piccautions, some changes in meaning might Imve 
occurred in the process of nltciing statements, a check was made 
of responds to the simplified items Foi this purpose, the leviscd 
Bernreuter Test was given to 27 normal hearing college students 
who had several weeks previously answeicd the Bernreuter Test 
in Its original form 

Scores obtained foi each student from the original and revised 
forms of the Beinieuter were conclated As may be seen in Table 2, 


TABLE 2 

Retest Reiiabilitv Coefficients on the Bernreuter Inventory 



r between original 
and revised form 

N = 27 

Retest reliability 
(Lentz) 

N = 139 

Bl-N 

78 

.92 

B2-S 

78 

91 

B3-I 

78 

90 

B4-D 

85 

92 


these retest coefficients are somewhat lower than the ones found by 
Lentz (1) from administeiing the Bernreuter to 139 students twice 
after a lapse of time vniymg fiom one to foui weeks 

Note was also made of the consistency with which subjects re¬ 
sponded on the fiist and second tests to 44 of the items in which 
revisions had been made and to 44 items in which no changes had 
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been made. The altered items were giouped onder two headings; 
tile first contained 25 slightly changed statements in winch only one 
or two words had been altered, the second consisted of the 19 more 
extensively changed items involving modifications of sentence struc¬ 
ture or substitutions of phrases. 

The responses to each of these items on the original and tlic 
revised forms of tlie Bernrcutei as given by the 27 students, were 
tabulated 

In unchanged and slightly revised items, an average of six changes 
in response per item was made by the 27 students from the first to 
the second test, whereas responses to the 19 more extensively modi¬ 
fied statements averaged eight changed responses per item The 
range in the number of changed responses per item by the 27 students 
extends from one to 14 for unchanged items, from one to 11 for 
slightly revised items, and fiom four to 12 for items in which more 
extensive revisions had been made 

TABLE 3 

Mean Raw score of Deaf Adult Mem on the First Revision of the 
Bernrbuter Test on the Bash of Assicmed Ratings 


Deaf ailuU men 


Test area and rating 

Number 

Mean 

Iteurciic Tendency (Bl-N) 

Very Well BnUnced 

5 

—114 

Well Balanced 

IS 

—S8 

Average 

♦ 

—10+ 

Fairly Well Balanced 

2 

+ 11 

Somewhat Unstable 

2 

—57 

Seli SuSictettcy {BZ-S) 

Definitely Self SufHcient 

4 

+ 81 

Rather Self Sufficient 

9 

+ 58 

About Average 

1! 

+ 34 

Dependent 

4 

+ 8 

Introversion (B3-I) 

Very Extroverted 

1 

—78 

Somewhat Extroverted 

S 

—59 

About Average 

10 

—33 

Somewhat Introverted 

s 

—12 

Quite Introverted 

7 

—21 

Dominance {B4-D) 

Rather Dominant 

6 

+89 

About Average 

9 

+ 63 

Rather Submissive 

11 

+40 

Very Submissive 

2 

+ 2 
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Since students responded in general with similar consistency to the 
unchanged and the slightly changed items on the levised form of the 
Bcrnreutei Test, indications are that the validity of items was not 
perceptibly affected by a slight revision Even among the 19 
more extensively reworded items, there is an average increase of but 
two changes per item over the unchanged and slightly changed items. 

Tlie validity of the revised Bernreuter Jnvenloiy is demonstrated 
also in the essential agi cement between ratings by one of the writers 
of deaf adult subjects known to him and test scores m tlie corres¬ 
ponding areas of tlie Bernreuter Inventory These results are given 
m Table 3. Because of the small number of women for whom 
ratings were available, data for this group are not included 

Table 3 lists the ratings employed for each trait, the number 
of men receiving a given rating, and the mean score of that particular 
group As m the case of deaf students, the ratings and scores of 
deaf adults agree closely in the areas of self-sufficiency and dominance 
and somewhat less so in the area of introversion The lack of 
agreement between ratings and scores of neurotic tendency suggests 
that this trait is not so easily recognized bv raters as the other three 
traits. 

Administration of the First Revision of the Bernrbutbr 

Inventory 

The 71 deaf subjects on whom this revision of the Inventory was 
tried out, were located m widely scattered parts of the United 
States. They were reached with tlie cooperation of a number of 
capable deaf key persons known to one of the wiiters The key 
persons filled in test blanks themselves and then administered the 
inventory to deaf members of their community, giving them any 
help required to understand the meaning of items. In order to in¬ 
sure uniformity of procedure, detailed directions for administering 
the inventory were given to eacli key person. Instructions were also 
given to record difficult words and ambiguous phrases, and to sug¬ 
gest needed modifications in language and test procedure The com¬ 
pleted test papers were returned by the subjects to their respective 
kev persons, who in turn mailed them to one of the writers. 
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Preparation and Administration of the Final Revision of 

THE BbRNRBUTER INVENTORY 

The critical suggestions giowing out of the expciience of giving 
the Bemreuter Test to deaf subjects became the basis for the second 
revision of the inventory for use with the deaf. Changes made 
included the simplification of some items and a rephrasing of others 
to have them conform more closely to their original form. The one 
marked dcpartiiie from the oiigmal form involved the sub-division 
of items 24, 28, 54, 87, 94 and 118 into two parts eacli, sub-item A 
peimitting the subject to report on his behavior in a given situation 
if hearing persons were numerically piedominant in it, sub-item B 
if deaf pcisons were involved (Items in which this change was 
made ate given later on in this aiticle.) 

In the scoring of these double response items, both the A and B 
answers of each item wcic taken into consideration The weights 
assigned by the Bcnueutei scoiing key were given to each of the 
two responses and the value of the item as a whole detei mined by 
obtaining an average of the two scoring weights. 

The statement of the subject’s name was made optional, being 
required only of those who wished to be informed of their standing 
on the test. It developed that among the 126 subjects who answered 
the second levision, there were but 8 anonymous replies, five of them 
being from men and thiee from women. 

Copies of the second icvision of the Bcinreutci Test were dis¬ 
tributed again among deaf persons in all parts of the United States 
with the aid of key persons In oider to keep their replies confiden¬ 
tial, the subjects were given stamped and addressed envelopes with 
the instruction to return their test blanks diiectly to the wi iters. 
The attempt was made to reach a representative cross-section of deaf 
adults with respect to locality and social-economic status 

Comparison of Scores from the Deaf with Norms for the 

Hearing 

The test results from the administration of the original form of 
the Bernreuter Inventoiy to 50 deaf college students and of the 
second revision of 126 deaf adults are presented m Table 4 The 
mean and standard deviation of raw scores are indicated for each 
group followed by the percentile norms for the respective popula- 
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tion as given b}’ Bcrnreutci These pciceiitile noims, based on tbe 
scores of noimal lieanng subjects, indicate how the aveiage scores 
of deaf college students and deaf adults compaie with the median 
standing of normal hearing college and adult groups. 

In terms of licaring norms on the Bl-N Test, the deaf of both 
sexes anil both age groups scoie as emotionally moie unstable than 
the hearing. 

On the B2-S measure of sclf-su/ficiency, the college population of 
both sexes and the adult men scoie below the median score of the 
hearing norms. In contrast, women of the deaf adult group average 
scores in self-sufficiency that place them above the median of the 
hearing norms Deaf men students scoie farther below the median 
percentile of hearing college men than do deaf women students 
below the median percentile of hearing college women. 

On, the B3-I test, the deaf of both groups and of both sexes avcj- 
age above the median of the hearing In introversion. Deaf women 
in comparison with hearing women score as moie introverted than 
do deaf men in comparison with heaiing men 

With respect to the B4-D test, all groups of deaf scoie slightly 
below the median of the hearing m dominance On the basis of hear¬ 
ing norms, deaf men score as slightly less dominant than deaf women. 

The scores for the young deaf college students and for the older 
deaf adults are m general very similar, in spite of the differences in 
the form of the test itself and in the ages of the two groups. 

A summary of these results shows that the deaf in comparison with 
the healing obtain scoies indicative of greater emotional instability, 
more pronounced introversion, and a lesser degree of cloininance 
Except for the deaf adult women who score slightly above the median 
of normal hearing women in self-sufficiency, the other deaf groups 
score as less self-sufficient than thcif equivalent normal hearing 
groups. 

In this connection it is of interest to compare the deaf not only 
with the normal hearing, but also with the hypacousic for whom 
Pintner (J) and Welles (4) obtained data on tlie Bernreutei 'I'est. 
The hypacousic groups consist almost whoU)’ of women, therefore 
deaf men cannot be included m the compaiison. Table 5 lists the 
mean Ilernreutec scores and the equivalent hearing percentile scores 
of deaf college and adult women and of urban and rural hj’pacousic 
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women The total hypacousic group includes the rural and urban 
cases. 

The deaf adults of the present study are for the most part an 
uiban group. When compared with the urban hypacousic women, 
they arc less self-sufficient, somewhat more neurotic, and slightly less 
introverted than the hypacousic There are practically no differences 
m dominance. 

In comparison with the rural and total hypacousic groups, deaf 
students score as somewhat more neurotic and deaf adults as less 
neurotic Both groups of the deaf are less self-sufficient, less intro¬ 
verted, and more dominant than either the rural or the total hypa- 
covisic groups 

But notwithstanding some slight difteienccs between the scores 
of tile deaf and tlie hypacousic, botli of these groups deviate in a 
similar direction from tlie noims of the hearing The one exception 
to this occurs in self-sufficiency, deaf students scoring slightly below 
the median, whereas deaf adults and hvpacousic adults score slightly 
above the median of the normal hearing In the other areas, the 
hypacousic and the deaf are in comparison with the normal hearing 
more neurotic, more mtroveited, and less dominant. 

Personality Score in Relation to Age and Other Factors 

A peisonal data sheet, attached to each test paper and filled in by 
deaf subjects, supplied information about chronological age, age at 
becoming deaf, number of yeais spent in school, and other factors 

Coirelation coefficients were computed between Beinreuter scores 
and those vai iables on the personal data sheet which lent themselves 
to this form of statistical treatment The results arc given in Table 
6. Because of tlie relatively small number of deaf college students 
from whom personal data were obtained, the scores of men and 
women students were combined for the computation of correlation 
coefficients. Since differences in score due to sex are usually found on 
personality tests, the influence of this factor was eliminated by tians- 
muting the scores of the students into the equivalent percentile scores 
for college men and women given by Bernreuter For the adult 
group, separate correlations were computed for men and women, and 
were based on raw scores. 

The relationship between age in years and test score is too slight 
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lABLE 6 

I’CEN I^ERNR^UTbR AMD ChARACTCRISTICS OF DeAP SUDJECTS 

Variables Coirelalctl With Bernrenter Scores 

Age at becom- Amount of School- 
Age in years mg deaf ing iii years 


1 

nen 

+ .17± iO 
— 22± 08 
— Uzt 09 

— 33± 10 

— 28± 07 

— 06± 09 

—.07±,08 
~+6± 07 

1 

Tien 

— 29± 10 
+ .10dt: 08 
+ Q 2 ± 09 

+ 55 ±.07 
+ 49± 06 
-h 32± 08 

—.11± 08 
— 16±.09 

1 

men 

-4 1V± 10 

— ISd: 08 

— 0+=t 09 

—.19± 10 
—.28± 07 
— 24=t 09 

— 03d: 08 

— 28± 08 

1 

men 

— 15± 10 
+ I7i: 08 
+ ,ll=t 09 

+ 41± 09 
+ .35±.07 
-h 20±.09 

— 03± 08 

— 32d:.08 


Ldicatc a icliablc association. Ncvei thcless, the con- 
' in sign for adults and students may be of signifi- 
udent gioup, the moic desiiablc tendencies, that is 
f neurotic tcfulency and mtiovcrsion, together with 
of self-sufficiency and dominance tend to go with 
n the adult group this rclationsliip is reversed—the 
the group paiticularly among men, scoic as less 
lovertcd, and as more self-sufficient and dominant 
I members. 

f the data suggests that these slight relationships bc- 
cst score may be due to an unequal selection of cases 
levels rather than to a fundamental relationship bc- 
,core. Thus, tlie age range of the college group ex- 
D 28 years The six oldest students ranging from 25 
age tend to have rel.atively high scores in neurotic 
reversion, and relatively low scores in self-sufficiency 
Among adult men, the five oldest are from 55 to 64 
^hese five individuals, in comparison with the total 
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gioup of adult men, scoie below the mean m intioversion and 
neurotic tendency and above the mean in dominance With but one 
exception, they score above the mean also in self-sufficiency The 
presence of these relatively unusual individuals in each of the two 
groups seems to account for the slight lelationships found between 
age and Bernreuter score. 

The correlations between test scoie and age at which the subject 
became deaf are somewhat larger. There is a slight tendency for a 
gieater amount of neurotic tendency and intioversion to be associated 
with earlier age at becoming deaf, and fot lowei scoies in neurotic 
tendency and introversion to go with later age at becoming deaf. 
The opposite IS true in the traits of self-sufficiency and dominance, 
The later in life subjects lost tlieii hearing, tlic moie self-sufficient 
and dominant aic tiiey now, whereas subjects deaf at an earlier age 
are less self-sufficient and dominant. The relationship between age 
at growing deaf and the traits of neurotic tendency, self-sufficiency 
and dominance is closest for the college gioup, next highest for ndult 
men, and lenst marked for adult women 

A statistical analysis indicates that these relationships me linear 
We mav conclude from this that subjects, paiticularly men, who are 
deaf since early childhood are likelv to be less well adjusted and less 
self-sufficient and dominant than individuals who lose their hearing 
at a relatively latei age in life As the study includes no data for 
mdividuals who bee,mac deaf after the age of eighteen years, it is not 
possible to say what the iclationship between adjustment and age at 
becoming deaf would be foi such persons. 

In the study of relationships between inventory score and number 
of ycais in school, the college students weie omitted as their educa¬ 
tion IS still in progress, and no final measure of that factoi is there¬ 
fore available. Among deaf adults, relationships between education 
and scoie are closer for women than for men. For men, most of the 
relationships, although consistently negative, are veiy slight. Since 
men and women are roughly equal in chionological age and number 
of years of school attendance, the implications are not quite clear as 
to why there should be a more matked tendency among women than 
among men for more years of schooling to go with better emotional 
stability, less introversion, and lessei nmounts of self-sufficiency and 
dominance 



R. PINTNIsR, I. S FLTSrLLD, AND L BRUNSCKWIG 


317 


Personality Score in Relation to Methods of Communica¬ 
tion WITH THE Hearing 

The deaf adults were next classified on the basis of their self- 
reported most frequent method of communicating with the hearing 

To the question “How do you communicate with hearing per¬ 
sons?” 36 per tent of men and 32 pei cent of women reply that the\' 
depend foi the most part on speech, 28 per cent of men and 38 per 
cent of women place the emphasis on speech combined with writing, 
and 36 pci cent of men and 30 poi cent of women indicate wilting 
to be their most fiequcnt mode of communication The scores of the 
four men and one woman who reported communicating with the 
hearing by manual alphabet oi signs in combination with vaiious 
other methods aic not included in these comparisons, as the small 
number of cases and the wide lange of scoies precluded the drawing 
of any reliable conclusions. 

Table 7 lists the number of cases and the average scoic of subjects 
included in each of the classifications The last column of the table 
gives the significance of the dilfciencc between the mean scores of 
subjects in difteient classifications in terms of tlie latio of the dif¬ 
ference between the mean scoies of two groups to the standard error 
of the difference A latio of three or more is generally held to indi¬ 
cate a statistically leliabic difteiente. 

It will be seen that men and women who communicate with hear¬ 
ing persons by speech score as emotionally better adjusted and more 
extioveited than subjects who employ a combination of speech and 
wilting The latter m turn aie bettei adjusted than subjects who 
report that tliev use wilting alone. 

A bimilar difference among these groups is shown with respect to 
scU-sufficiency and dominance Subjects employing speech score as 
moie self-sufficient and dominant than individuals communicating 
with the healing by speech and writing, wlieieas the subjects em¬ 
ploying wilting as their sole method of communication average the 
lowest scores m self-sufficiency and dominance In all four areas the 
difference in scoie is largest between subjects depending on speech 
alone foi communicating with the hearing and subjects wlio resort to 
writing. The difteience m score between these two groups is statis¬ 
tically reliable as applied to men in neurotic tendenev, self-sufficiency 
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TABLE 7 


Comparison of Personalitv Test Score of Sudjects CoMMUNicAriNO with 
H cARifJo People dy Speech, dv Speech and Writing, and 
DY Writing Respectively 


Test 

area 

Group 

Method 

of 

communication 

N 

Mean 

SD. 

Groups 

compared 

DiiT 

SD aif, 

B|'N 

1 

Men* 

Speech 

23 

—84 37 

65 70] 

1 with 2 

—2.S8 

, 

2 

Speech Sc Writing 

18 

—25.78 

76 89 

• 1 with 3 

—3 37 


3 

Writing 

23 

—19 26 

6S42J 

2 with 3 

— 29 


1 

Worncn' 

Speech 

17 

—38 56 

37.56 1 

1 with 2 

—1.61 


2 

Speech Sc Writing 

20 

—10,70 

65 95 

■ 1 with 3 

—4 49 


3 

Writing 

16 

31 32 

SO +9J 

2 with 3 

—216 

B2-S 

1 

Men 

Speech 

23 

56,52 

SO 961 

t with 2 

189 


2 

Speech & Writing 

18 

29 89 

39 21 

- I with 3 

3 37 


3 

Writing 

23 

8 91 

4+71 J 

2 with 3 

1.60 


1 

Women ‘ 

Speech 

17 

22 00 

66 49 1 

1 with 2 

96 


2 

Speech & Writing 

20 

440 

38 66 ' 

1 with 3 

2.25 


3 

Writing 

16 

—22 00 

+3 99 . 

1 2 with 3 

1 89 

B3-I 

1 

Men 

Speech 

23 

—38 72 

44 881 

1 1 with 2 

—1 96 


2 

Speech &Wrjtmg 

18 

—10 34 

46.82 

1 with 3 

—2 55 


3 

Writing 

23 

— 6 00 

42 00. 

1 2 with 3 

— ,31 


1 

Women' 

Speech 

17 

—20 18 

20 20' 

1 1 with 2 

—1 41 


2 

Speech & Writing 

20 

— S 00 

42 85 

f 1 with 3 

—4.61 


3 

Writing 

16 

26 44 

35 35 . 

i 2 with 3 

—2 41 

B4-D 

1 

Men 

Speech 

23 

78 43 

41,96 

1 I with 2 

2 70 


2 

Speech & Writing 

18 

34.00 

49 S3 

^ 1-with 3 

4 09 


3 

Writing 

23 

20 20 

53.87, 

J 2 with 3 

1 16 


1 

Women 

Speech 

17 

24 80 

45 37 

1 with 2 

126 


2 

Speech & Writing 

20 

3,50 

57.40 

1 with 3 

211 


3 

Writing 

16 

— 2,56 

27 52. 

2 with 3 

.42 
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and dominance, and with icgaid to women in ncuiotic tendency and 
self-sufficiency The scoics of subjects who use both speech and 
writing to communicate with the heaimg fall between these iwo 
extremes. 

These findings give use to the question whether training in speech 
has pioduced behavior traits leading to relatively low scores in neu¬ 
rotic tendency and introversion and to high scores in self-sufficiency 
and dominance, or whether persons possessing these traits are more 
likely to put their speech training to use. A sciutiny of tlic data 
suggests that the speech gioup, particularly among men, lias had ii 
somewhat greater advantage m acquiring speccli than the group de¬ 
pending pnmauly on methods other than speech to communicate 
with the heaimg Diffcicnees in the mean chionological age of sub¬ 
jects employing the various methods of communication arc for the 
most part slight and not consistent. The avciagc age of becoming 
deaf, however, is definitely higher for the groups employing speech 
□r speech and writing than for the group depending on writing 
alone Tlius, the average age at becoming deaf for the men of the 
speech group is nine years and for the women seven years. In the 
group which communicates with the hearing by a combination of 
speech and writing, the average age at becoming deaf is six years 
for men and ten for women, whereas it is two and three years 
respectively for the men and women of the writing group. This 
writing gioup, therefore, has never learned language in a natural 
manner m childhood. The majority is made up of those who were 
born deaf, and then personality traits may be influenced by this 
factor. 

With legard to educational status, differences among the groups 
of men and women aie less consistent. Among men, 83 per cent 
of the speech gioup, 50 per cent of the speech and writing group, 
and 39 per cent of the writing group have been to college. Of the 
women, 47 per cent of the speech group, 50 pci cent of the speech 
and writing group, and 63 per cent of the writing group have been 
to college. Hence there is a greater tendency to employ speech on 
the part of those men who have attended college than those who 
have not The icverse is true for women, a slightly greater pro¬ 
portion of those who employ writing have attended college than 
those who employ speech and xvriting or speech alone 
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It Eippeajs then that the deaf snhjccts -who communicate with the 
hearing by speech or by speech and wilting obtain not only better 
scores on the personality invcntoiy than subjects who employ writ¬ 
ing, but also they have lost their hearing considerably later in life. 

In response to the question "How do hearing people cominum- 
cate with you'^'* 18 pel cent of men respond with “speech,'* 41 

per cent with “speech and wilting," and the remaining 41 per cent 
with "writing " Of the women 29 pei cent state that hearing people 
communicate with them by speech, 40 pei cent report speech com¬ 
bined with writing, and the lemalntng 31 per cent report wilting. 
Eight men and five women mention the manual alphabet or signs in 
various combinations with other methods. Their scores extend 
over a wide range, but in view of their small number the statistical 
results for them have not been included. 

A similar tendency in the mean scores of these groups may be 
observed licre (Table 8) as in tlic scores of subjects classified on 
the basis of their method of communicating with the heaiing Sub¬ 
jects with whom the hearing are reported to communicate by speech, 
score on the average as emotionally better adjusted, as less intro¬ 
verted, and as more dominant and more self-sufilcicnt than subjects 
with whom the hearing communicate by writing cither entuely or 
in part. 

It will be noticed, however, that this tendency is in geneial more 
cleat cut for men than for women. Deaf men "who report that 
the heanng communicate with them by speech average consistently 
better scores than subjects with whom the hearing communicate by 
speech and writing, and they in turn have higher average scores 
than the men with whom the hearing communicate by writing alone. 
Among women, the diffeienccs between contrasted gioups are found 
with but two exceptions in a similai direction. A higher average 
score in self-sufficiency is obtained by the group with whom the 
hearing communicate by speech and writing than by the group de¬ 
pending on speech only Likewise, the group of women depending 
on writing only, scores slightly higher in dominance than the group 
resoiting to speech and writing. 

The question “Do you regard making friends with hearing people 
—easy, fairly hard, or very hard?" was included on the personal 
data sheet, in view of the commonly mentioned difficulty of the deaf 
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TABLE 8 


Comparison or Personality Test Scori’ of Subjects on the Basis of 
Method of Communication Employed with Iiifm by IIearino Persons 


Test 

area 

Group 

Method 

of 

communication 

N 

Mean 

SD. 

Gioups 

compared 

DifF 

SDaiff 

Bl-N 

1 

Men 

Speech 

10 

—91.90 

55 07 ] 

1 with 2 

—2 45 


2 

Speech & Writing 

22 

—35 23 

71 27 

1 with 3 

—2,77 


3 

Writing 

22 

—27 55 

71 81 J 

2 ith 3 

— 36 


1 

Women 

Speech 

13 

—27 88 

36 02 ] 

1 with 2 

— 85 


2 

Speech & Wilting 

18 

—13 67 

56 35 

1 with 3 

—2 95 


3 

Wilting 

1+ 

25 93 

S7l7j 

2 with 3 

—1,90 

B2-S 

1 

Men 

Speech 

10 

60 90 

41.7+] 

1 with 2 

193 


2 

Speech & Writing 

22 

30.27 

41 47 

1 with 3 

2 82 


3 

Writing 

22 

14.27 

46 62 J 

2 with 3 

120 


1 

Women 

Speech 

13 

2,00 

5643 ] 

1 with 2 

— .52 


2 

Speech & Writing 

18 

12 50 

5441 

■ 1 with 3 

.61 


3 

Writing 

14 

—10 86 

S212J 

2 with 3 

1.23 

B3-I 

1 

Men 

Speech 

10 

—49 60 

33.32] 

1 with 2 

—2 48 


2 

Speech & Writing 

22 

—13 6+ 

46 63 

1 with 3 

—2.78 


3 

Writing 

22 

—10 37 

44,13 J 

2 with 3 

— 24 


1 

Women 

Speech 

13 

—IS 23 

19 30 ' 

1 with 2 

.75 


2 

Speech & Writing 
Writing 

18 

— 8 33 

31 86 

1 with 3 

—3.28 


3 

14 

23.50 

39 40. 

2 with 3 

2.46 

B+-D 

1 

Men: 

Speech 

10 

86.20 

39 07 ' 

1 1 with 2 

2 73 


2 

Speech & Writing 

22 

43 32 

45 48 

[ 1 with 3 

3 41 


3 

Writing 

22 

28 18 

54 86, 

) 2 with 3 

99 


1 

Women. 

Speech 

13 

IS 73 

41,97' 

1 1 with 2 

35 


2 

Speech & Writing 

18 

1 11 

S3 94 

I with 3 

85 


3 

Writing 

14 

4 00 

28 05 . 

1 2 with 3 

— 20 
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to establish and maintain enjoyable social lelations with the hearing 
Only a small numbei of cases respond with the leply “very hard” 
As the Inventory scoies of this group do not differ to any noticeable 
extent from the scores of the group responding with “fairly hard,” 
the subjects of these two groups were combined and their mean 
scores compared with scores of the gioup responding with “easy” 
Fifty-five per cent of the men report making friends with the hear¬ 
ing as easy and 45 per cent as faiily bard oi veiy haid. Women 
are equally divided in these two groups The mean scores of each 
of the groups and the difference between them in the four test areas 
are sliown in Table 9 

TABLE 9 

Comparison of Personauty Test Score of Sudjects on the Basis of 
Reported Ease of Makinr Friends with Hearing Peopi.b 


Making friends with hearing people 
Test Easy Hard 

area Group N Menu &I>. N MeRU SD 8D 


Bl-N 

Men 

3& 

—64 32 

77,23 

31 

—32 36 

63.35 

—1 85 


Women 

28 

—18.14 

49 41 

28 

425 

66 61 

—1 43 

B2-S 

Men 

38 

4S 47 

49,08 

31 

11 50 

48 80 

2.87 


Women 

28 

9 64 

60 75 

28 

— 53 

44 30 

72 

B3-I 

Men 

38 

—28 06 

47 38 

31 

—14 34 

43 06 

—1.26 


Women 

28 

— 4.93 

29,21 

28 

443 

45,69 

— 91 

B4-D 

Men 

38 

68 3S 

52 80 

31 

24 50 

45 38 

3 71 


Women 

28 

24.36 

48 29 

28 

7 43 

40 00 

1 43 


Subjects of both sexes who repoit ease in making friends with hear¬ 
ing persons score as less neuiotic and intioveited and as more self- 
sufficient and dominant than subjects who indicate some difficulty 
in making fiicnds with hearing people For women, differences in 
scoie between the two gioups are relatively slight, for men they 
are moie pionounced Men responding with “easy," score as de¬ 
cidedly rnoie self-sufficient and dominant than nien responding with 
“hard.” 

In general, these comparisons present a faiily consistent picture, 




R. PINTNFR, I. S lUSTKLD, \ND L RRUNSCHWIO 


323 


Individuals who communicate with the hearing chiefly by speech 
and who make friends readily with the heaiing score as emotionally 
bettei adjusted and as more self-sufRcient and dominant than deaf 
persons wlio resoi t to other methods of communication or who do 
not find it easy to make friends with the hearing, 

In this connection it is interesting to note that of the deaf sub¬ 
jects who communicate with hearing persons principally by speech, 
52 pci cent of the men and 67 pei cent of the women find it easy 
to make fi lends with hearing people. Among the deaf not depend¬ 
ing in the mam on speech in their relations with tlie hearing, 50 
pci cent of the men and 43 per cent of the women respond with 
"easy " That is, the proportion of deaf subjects wlio communicate 
with the hearing by various combinations of speech and writing 
and who find it easy to make fiiends with the heaiing, is only 
slightly smaller than is this proportion among deaf cases depending 
for the most part on speech This would indicate that success in 
making fiicnds with the liearing involves probably factors additional 
to a particular mode of communication. It is possible that differ¬ 
ences in personality adjustment play a part 

Analysis of Responses of the Deaf to Specific Test 
Qestions 

An analysis was made of the rcspoiibes to those questions of the 
Bernieutcr Inventory which had been split into two parts—the first 
part of the question applying to the subject’s behavior in a given 
situation with hearing people, the second in relation with the deaf 
The percentage of deaf subjects responding with "yes,” "no,” 
and respectively to questions bearing on bchavioi when among 
the hearing and when among the deaf is shown in Table 10. Re¬ 
sponses reveal a persistent tendency for a larger number of both 
men and women to feel more uninhibited and at ease when with 
deaf companions than when with the hearing 

For instance, only tliiee per cent of the men and 14 per cent of 
the women state that they arc troubled with shyness among deaf 
people On the other hand, 24 per cent of men and 47 per cent of 
women say that they are troubled with shyness among the hearing 
Similarly, a smaller percentage of subjects are very talkative at social 
gatherings, take the responsibility for introducing people at a party, 



324 


JOURNAL or GENETIC PSYCIIOLOGV 


TABLE 10 

Per Cent of Deaf SanjECTS Responding with “Yes,” “No,” and *'?” 
Respegtivel'v to Questions Bearing on Behavior Among 
THE Hearing and the Deaf 


Inventory question 

Yes 

Men 

No 

? 

Yea 

Women 

No 

? 

24a. Are you troubled with shy¬ 
ness annong hearing people? 

24 

68 

8 

47 

51 

2 

24b Are you troubled with shy¬ 
ness among deaf people? 

3 

90 

7 

14 

80 

6 

28a. Aie you very talkative at 
social gatherings of healing 
people? 

9 

83 

S 

14 

80 

6 

28b Are you very talkative at 
social gatherings of deaf 
people? 

41 

SI 

8 

47 

51 

2 

S4a Do you often feel lonesome 
when you are with hearing 
people? 

48 

42 

10 

65 

29 

6 

S4b. Do you often fee! lonesome 
when you are with deaf 
people? 

8 

87 

5 

2 

90 

8 

87a, Do you take the responsibility 
for Introducing people at a 
party of hearing persons? 

43 

32 

25 

45 

41 

14 

87b Do you take the responiibility 
for Introducing people at a 
party of deaf persons? 

70 

17 

13 

71 

19 

10 

94a. Do you ever take the lend to 
put life Into a dull party 
among hearing persons? 

28 

58 

14 

25 

67 

8 

94b, Do you ever take the lead to 
put life into a dull party 
among deaf persons? 

6i 

25 

7 

61 

31 

8 

llSa. Do you keep in the back¬ 
ground at social affairs among 
hearing persons? 

44 

36 

20 

58 

35 

7 

118b Do you keep in the back¬ 
ground at social affairs among 
deaf persons? 

23 

68 

8 

24 

76 

0 


or take the lead to put life into a dull party if hearing rather than 
deaf persons are involved. Likew'ise, keeping in the background 
at social affairs is reported more often in reference to social affairs 
among hearing persons than among the deaf. 

The most marked difference, however, is found between parts A 
and B of the question, "Do you often feel lonesome when you are 
with hearing (or deaf) people?" Forty-eight per cent of the men say 
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"yes," to this question in leference to liLaring people, but only eight 
per cent give a similai leply when refeinng to the deaf, among 
women this diffeicnce js even larger, the pciccntages being 62 and 2 
respcctiVelj'. 

Summary 

A study was made of the personality adjustments of deaf adults 
by means of the Bernrcutei Petsonality Inventoty. 

The Inventoty was tried out on deaf college students and, in 
slightly simplified form, on deaf adults. In both cases there were 
indications that the Invenloty furnished a valid measure of person¬ 
ality, particulaily in the traits of self-sufficiency and dominance. 

Results obtained from administering the Revised hiventoiy to 50 
deaf college students and to 126 deaf adults were analysed 

Wlien compared with the norms supplied by Bernreuter for hear¬ 
ing populations, the deaf scoic as emotionally more unstable, more 
introverted, and less dominant than the hearing Deaf college stu¬ 
dents and deaf adult men rate as less self-sufficient and the deaf 
adult women as more self-sufficient than corresponding hearing 
groups. 

Although some slight differences arc found between the test scores 
of deaf and hypacousic groups, both of these groups in comparison 
with the normal heaiing, are more neurotic, more introverted, and 
less dominant. 

Among deaf adults, less amounts of neurotic tendency and intro¬ 
version, and more self-sufficiency and dominance are found to be 
associated with the occurrence of deafness in later childhood rather 
than at birth or in infancy, the use of speech for communication 
with the lieaiing rather than writing, and ease rather than difficulty 
in m.aking friends with hearing people, The percentage of cases 
expeiiencing difficulty in making friends with the hearing is only 
slightly larger for the group communicating with tlie liearing by 
writing than by speech 

Responses to those items of the Invento7y which permitted the 
adult groups to discriminate between their reports of behavior in 
situations involving the hearing and the deaf respectively, indicate 
that more of the subjects reported feeling socially at ease when 
with deaf companions than when among the hearing 
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This geneial pictuie of the pcisonality of the deaf, supplemented 
by the previous studies by Welles and Pmtner with the hard of 
hearing, seems to be more or less consistent It gives us confidence 
in the inventory as a whole and would seem to suggest its useful¬ 
ness in the psychological examination of deaf individuals. The 
picture shows us a gioup of Individuals, suffering from a very severe 
sensory handicap, reaching almost the same levels of adjustment in 
daily life as are on the avciage attained by fully normal individuals 
The deaf aie only slightly more emotionally unstable, only a little 
more intioveited and not quite so dominant as the normal hearing 
The deaf are not separated from the hearing by a sharp difference 
in their personality make-up. The remarkable thing is, of course, 
that they arc able to adjust so well, despite the severe physical handi¬ 
cap Their adjustment seems to be just about as good as that of 
the haid-of-hearing Can we say that a slight loss of hearing seems 
to be about as distuibing to the personality as a total loss? 

Anotlier interesting suggestion arising fiom oui study seems to 
bo that the later in life deafness occurs the more chance the indi¬ 
vidual seems to have of making noimal pcisonnlity adjustments 
We know from many other studies by PIntner and others that the 
later in life deafness occurs the moie language will the deaf indi¬ 
vidual acquire. A better equipment in language leads to more use 
of speech in later life and this means inoic normal relations with 
healing individuals Tlic more speech a deaf person can make use 
of, the more he is likely to feel on a par with his hearing fellows. 
Our data do not show that the teaching of speech makes for better 
adjustment. To show whether it docs or not would require a 
much moic claboiate experiment All that our lesults show is that 
those who become deaf later in life and, thciefore, acquire language 
and speech more readily aie in general more like the hearing in 
their personality. Fiona all this it would seem to be a reasonable 
inference that speech helps the deaf to appioach neaiei to the hear¬ 
ing in their pcisonality adjustments But we must not make the 
error of supposing that it is only speech that does this, and there¬ 
fore make speech the be-all and the end-all of the education of the 
deaf. A more detailed study than our present one is requlied to 
disentangle the many factors in this complicated situation. 
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VISUAL DISCRIMINATION IN THE CAT V THE 
POSTOPERATIVE EFFECTS OF REMOVAL OF 
THE STRIATE CORTEX UPON INTENSITY 
DISCRIMINATION* ^ 

Department of Psychology, The Uuwststty of Rochester 


Karl U. Smith 


I. Introductioj? 

In recent yeais numerous advances have been made in our knowl¬ 
edge of the lole of the cciebral coitex in the mediation of visually 
contiolled responses. Contrary to earlier mistaken beliefs it is now 
known that infra-human mammals are not made completely blind 
by the abolition of the cortical aieas concerned in vision The studies 
of Lashlcy (31, 32, 33, 34, 35, 38, 42), extending from 1920 up 
to the present day, and of Marquis (44), in 1934, showed clearly 
for the first time that certain optic capacities, besides those involved 
in the pupillary and palpebial reflexes, still persist after extirpation 
of the striate areas. However, the nature of this residual function, 
the understanding of which is basic to more complete knowledge of 
the integration of visual processes within the brain, is as yet incom¬ 
pletely known. Accordingly, the attempt is made m the present 
study to secuie additional data relating to the effects of removal 
of the striate cortex on the measured visual capacity of the cat in 
intensity discrimination. 

II. Prior Investigations or the Functions of the Visual 
Cortex in Mammals 

The nature of the optic defects produced by removal of the visual 
cortex has long been of interest m scientific investigation Early 
studies of this sort were prinmily motivated by tlie attempt to 
understand the nature of the anatomical lelations existing between 
the retina and the projection areas of the cerebral hemispheres, 

•Accepted for publication by Leonard Carmichael of the Editorial Board, 
and received in the Editorial Office on March 23, 1937 

^Preliminary reports of certain aspects of the present study have been 
given previously by the writer (70, 74, 75) 
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anti, f\s is well known, the visual parts of the cortex were approxi¬ 
mately delimited by such study before the precise localization of this 
region was established by anatomical investigation 

Only secondarily weie early workers In this field concerned with 
the problem of analysis of the nature of special visual functions 
mediated by the cerebral hemispheies Then methods of observation 
consisted mainly m noting whethei or not animals deprived of the 
visual areas could still make commonly observed responses such as 
avoiding obstacles, locating food, oi responding to movements of 
the experinicntei. As a result of the early work ol Munfc (SO) anti 
later that of Minkowski (47) and Shafei and Brown (65), it was 
clearly established that these reactions can no longer be elicited when 
the occipital lobes arc removed in the dog and in the monkey. 
Minkowski showed that these defects were maximal after extirpation 
of the stiiatc areas and that similar permanent disturbances could 
not be brought about by extiipation of other cortical areas. Ac¬ 
cordingly, these investigations laid the groundwoilc fer tlic belief 
that removal of the visual aieas m such animals as the dog and 
monkes’ brings about complete and permanent blindness 

Not until the first published work of Lashley (31, 32, 33, 34) 
on intensity discrimination in the rat was the theory suggested 
that certain optiC'capacities are mediated by the subcortical centers 
of the optic system. Pilor to the work of Lashley, observations of 
the effects of cortical destruction upon gcneial visual reactions m 
rodents had been made by von Bechterew (4), von Gudden (21), 
Munk (50), and Ferricr (18)> but the results of these studies weic 
not conclusive in legard to cither their anatomical or psychological 
aspects. 

Lashley's experiments (31, 32, 33, 34, 35, 38, 42) upon intensity 
discrimination in the rat reopened the question of the functions of 
the cortex in vision, and m doing this they served to emphasize the 
need for a definite psychological approach to the undei standing of 
the central mechanisms of visually contiollcd behavior That is, 
rather than dealing with vision in some general way as earlier 
workers had done, his studies were oriented toward the mvestigatum 
of the neural control of measureable visual capacities. In conse¬ 
quence of such an emphasis, numerous comparable studies have been 
earned out m the attempt to determine the role of the cortex and of 
the subcortical neural centers in the determination of different 
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Specialized visual functions These studies aie ciitically summaTized 
below with reference to the separate headings indicated. 

1 Intensity Dfscrimwotton Laslilev’s eaily studies on intensity 
discrimination in rodents were directed toward the question of the 
retention of learned discriminative responses to lights of diffeient 
intensity after extirpation of various paits of the coitcx In four 
experiments Lashley (31, 32, 33, 34) found that, with complete 
bilateral removal of tlie visual cortex, the animals lost an intensity 
discrimination habit which was established piior to the operations 
Nevertheless, these operated animals could releain the habit when 
training was resumed The number of trials lequired to re-establish 
the habit was approximately equal to the number demanded in the 
preoperative training Lesions located outside tlic striate areas did 
not disturb tlie learned response With removal of only a part of 
the visual cortex, the response was temporarily aholished Under 
such circumstances, the number of trials required to relearn was 
found to be positively coirelated with the extent of the cortex re¬ 
moved in the striate regions (Lashley, 38, 42). 

In two later studies modifications were made in the conclusion con- 
Lcrning tlie relation between degree of retention of the intensity dis¬ 
crimination habit and extent of destruction in tlie stiiate coitex. A rc- 
analysis of pievious data (Lashlev, 38) tended to show that the 
corrclntioii applied onlv to the lateral aspect of the striate areas 
(the region necessary for pattern vision) so that if a part of this 
area was removed, oi if this part was included in a more extensive 
extirpation of the striate cortox, the degree of retention was a func¬ 
tion of the extent of the cortex destiovcd ^lore recent experiments 
with lesions confined cntirelj' to the visual cortex have been reported 
by Lashley (42). The extent of the extiipations ranged from small 
restricted areas of destruction to complete removal of the striate 
cortex. In this study the con elation between the measured mag¬ 
nitude of the destruction and the retention of the intensity dis¬ 
crimination habit was practically as high as that found in earlier 
s^tudies. However, when the animals weie classified according to 
the extent of secondary degeneration of cells in the lateral geniculate 
body, no significant coirelation between the magnitude of the de¬ 
generation and the retention of the habit seemed to be evident 

Whereas the earlier experiments bv L.ishiev (31, 32, 33, 34) were 
interpreted to show that the visual cortex functions in intensity 
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discrimination accoiding to its mass, the moie recent study (Lashley, 
42) is taken to indicate that this part of the brain works in an 
"all-or-none” way m the mediation of responses based upon differ¬ 
ences in light intensity. The fact that many of the animals with 
paitial lesions showed some loss in retention is explained by Lashley 
as follows: 

If cerebral lesions were the only factor in inducing differences 
in the postoperative retention scores, we should expect to 
get n tri-modal distribution of scores, cases with no loss, cases 
with slight loss due to swnblyopla in the residual visual fields, 
and cases with total loss But with the scores influenced by 
many other chance factors this grouping is partly obscured, so 
that an appearance of continuous vaiiatlon, somewhat in 
proportion to the extent ot the Usion ia produced (p 60) 

The previous conclusion that the striate cortex exercises an influence 
over sub-cortical centers to n degree piopoitional to its area is 
said by Lashley to be definitely wrong in the light of the later studies. 

Further proof of the fact that all discriminative functions in 
vision are not mediated entirely through the cortical pathways of the 
optic system has been established in the studies of Marquis with 
the dog Marquis (44) has made use of a modified Yerkes-Watson 
discrimination appaintus, the general features of which were m eveiy 
way comparable to the methods employed by Lashley, and as Lashley 
had also done, Marquis tested lus animals under conditions m which 
illuminated test spots were presented against a dark surround. 
Two dogs which were trained prior to complete lemoval of the 
occipital lobes, temporarily lost but later relearned the discrimination 
habit aftei the operations The postopeiative relearning involved 
somewhat fewer trials tlian did the original preoperative learning. 
Two additional dogs, not tiamed before complete extirpation of the 
visual cortex, demanded a few more trials to learn the habit than 
did normal animals. 

More lecentlv, Kluver (27) has been able to demonstrate that 
the monkey also is capable of visual learning subsequent to complete 
removal of the occipital coitex Using techniques somewhat different 
from those employed in the studies of Lashley and of Marquis, he 
found that one monkey with complete removal of the striate areas 
could be trained to respond to differences in the level of illumination 
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in the experimental room or to differences in the luminous intensity 
of two small boxes placed outside the animal's cage. 

The studies of Lashley (31, 32, 33, 34) raised the question as to 
wliether or not the capacity for intensity discrimination in animals 
lacking the visual cortex is comparable to tliat in the normal animal. 
An attempt was made to answer this query in additional experiments 
with lats (Lashley, 37) in which the threshold of intensity dis¬ 
crimination was determined after vaiying degrees of destiuctlon 
in the striate areas Normal animals discriminated the brighter 
of two lights until the ratio between their intensities was reduced 
to approximately 1.5 The lats needed no added training as the 
intensity ratio was decreased Operated animals, however, required 
added training at eacli change in the intio of the two lights and 
showed rather marked increases in threshold values Lashley con¬ 
cluded that the threshold loss in these animals was roughly pro- 
portional to tlic extent of the lesion 

Marquis (44) determined threshold values for intensity dis¬ 
crimination in foui dogs in relation to complete removal of the 
occipital lobes He failed to find marked threshold changes niter 
the opeiations, and holds that the threshold of light discrimination 
18 only slightly affected by removal of the occipital lobes. In addi¬ 
tion, tlic postoperative thresholds in animals which were trained 
and tested prior to the operations were found to be about the same 
as those which were not trained and tested until after the operations 
had been carried out. 

Other experiments on the effects of removal of the visual cortex 
upon differential reactions to light intensity have been reported 
Marquis (45, 46) found that reflex closure of the eyelids can be 
conditioned m dogs and monkeys following complete extirpation of 
the occipital lobes. The results of the experiments showed, in 
general, that such responses are not significantly modified by this 
operation Ten Cate (13), however, failed to secure conditioned 
responses (approach to the door of a cage for food) to a bright 
light in dccoiticate cats or in cats lacking the visual areas, but 
Culler and Mettler (16) and Poltyrew and Zeliony (58, 59) 
report simple conditioned reactions to changes in visual intensity 
in decorticate dogs 

The exact nature of the subcortical neural mechanisms which 
mediate discriminative responses to differences m light intensity are 
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incompletely known. Freeman and Papez (20) showed that per¬ 
manent defects in intensity discrimination could not be brought about 
bv injuries to the superior colliculi m rats, and Layman,^ as le- 
ported by Lashley (42), found that an intensity discrimination habit 
could be reestabljslied in rats after combined mjuiics to the superior 
colliculi and the optic thalamus. 

Lashley’s iccent expeiiments (42) liavc contributed additional data 
concerning the effect of lesions in the supeiior colliculus and in the 
optic tlialamus upon intensity discrimination. Animals with complete 
removal of the area striata and with unllateial distribution of the 
optic tracts beyond the external geniculate body lost the ability 
to discriminate diffcicnces in light intensity but relearned the habit 
in about twice the number of trials lequired in the initial training 
Animals with removal of the stiiate cortex, in conjunction with 
partial destruction of the optic tracts on one side and complete inter¬ 
ruption of these tracts on the othci, iclcarned the habit but did not 
respond as consistently as did those with injury to the tracts on only 
one aide Animals with removal of the striate cortex, in conjunction 
with complete bilateral interruption of tlie optic tracts above the 
external geniculate body, lost the habit and could not relearn it, 
According to Lashley (42), these results would seem to show that 
the superior colliculus and optic thalamus contain pathways which 
are of primary importance \n the mediation of the intensity dis¬ 
criminations, although it is impossible to deteiminc the relative im¬ 
portance of either of these centers alone since fibers passing to the 
colliculi cannot be destroyed without injuiy to the optic thalamus. 

2 Pattern Disciimination^ In additional experiments, Lashley 
(37) investigated the effect of cortical ablations upon pattern vision. 
All observations weie made under conditions of high illumination. 
The results of the investigation showed, as did those of a later 
similar experiment by Lashley and Frank (43), tliat pattern vision is 
permanently abolished by elimination of the cortical pathways in 
the optic system. 

The immediate conclusion fiom the experiments of Lashley (37) 
and Lashley and Frank (43) was that the visual cortex functions 
as a necessary component m the mechanism of pattern discrimlna- 

*Siiice this was written, a report of this work has been published by Lay¬ 
man. (Layman, J B , Funciiona of the superior coUiculi in vision J Genet 
Psyebol, 193«, 49, 33-47) 
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tion Lashlcy (42), howevei, has made certain reservations re¬ 
garding sucli a theoiy since he was able to demonsti.ite some icsidiial 
visual discrimination based upon the position of masses of light 
after removal of the visual coitex in the rat The fact tliat lodents 
possess the ability to lespond to patterned diffcienccs in visual stimu¬ 
lation aftei inteiiuption of the cortical connections of the optic 
pathways has also been brought out in*^the experiments of van Herk 
and Ten Cate (22) and Ten Cate (14) These investigators ob¬ 
served that two labbits with removal of the visual cortex could still 
be tiained to appioach and obtain food when a food plate was pre¬ 
sented before them. They also found that the animals recovered a 
certain degree of visual ability in responding to othci types of pat¬ 
terned visual stimulation. 

No compichcnsive tiaining studies on pattcin disciunination after 
complete removal of the occipital lobes liavc been ennied out with 
mammals higher than the rodents The early studies of Bechtcrew 
(5) and Minkowski (47) showed that the ability of dogs to respond 
visually to pieces of food held before their eyes is abolished, but their 
studies did not involve tinining methods. Similarly, Bard and 
Onas (2) observed that visual placing reactions of the forclimbs 
are permanently lost as a result of extiipation of the striate areas in 
the cat The piesent wiiter (73, 78) has observed these reactions 
of the cat under many different stimulating conditions, in winch 
striated patterns of different size and illumination weie employed. 
Evidence was obtained that tlicse leactions were permanently lost 
under all conditions of stimulation after complete extirpation of the 
striate areas. 

Other investigations which have been carried out on pattern dis¬ 
crimination in mammals other than rodents have been incomplete in 
many details Rizzolo (64) has reported a high dcgice of acuity for 
the discrimination of stnated patterns in the dog aftei excision of 
the occipital lobes, but he presents no proof that the operations in¬ 
volved all of the optic cortex Kluver (27) carried out observations 
on pattern vision in one monkey after complete occipital lobectomy 
In testing this animal Kluver made use of a rather complex response 
in which the animal was required to locate the position of a lighted 
box that was associated with food. No differential responses weic 
found after the operation had been earned out 

The effect of extensive destruction of the occipital coitcx upon 
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pattern vision in primates has also been studied by Spence and 
Fulton (79). They failed to find evidence for the discrimination 
of horizontal and vertical lines after almost complete destruction of 
the stiiatc areas in the chimpanzee. The animal used in their ex¬ 
periment was tested after each of two stages of an operation which 
involved all visual cortex except the area of the projection of the 
temporal crescent of the right retina upon the right hemisphere After 
the first operation it was observed that there was a 5 to 15 per cent 
decrease in the ability of the animal to respond to the lines, but 
with the second opciation, m which the striate cortex of the light 
hemisphere was lemovcd, the animal could no longer be made to 
discriminate the striated patterns 

Along with his studies on intensity discrimination, Marquis (44, 
45) was conccined also with the understanding of other effects 
pioduced by removal of the occipital lobes m the dog These 
defects, many of which wcie observed by early investigators m this 
field, consisted mainly in the failure to respond to threatening or 
friendly gestures, the inability to avoid obstacles witliout coming into 
direct contact with them, the failure to find food efficiently, etc. 
Since the dogs used by Marquis could discriminate light intensities 
almost as well as normal animals under certain conditions of illum¬ 
ination, he assumed that this capacity existed under all conditions 
of general illumination and that factors other than disturbances of 
intensity vision were responsible for biinging about the defects 
mentioned. These defects he characteiizcd under a single term 
called “object” vision, which he states consists in the response to 
the spatial characteristics of the stimulus, its position, distance, 
pattern and size According to Marquis, removal of the visual 
cortex III the dog abolishes such object vision wheieas the ability 
to discriminate differences in light intensity remains undisturbed 
In postulating tins ciitical division or independence between the 
neural mechanisms of light discrimination and object vision, Marquis 
(44, 45) also take*! into con<?ideration ccitain diffeiences in the 
effects of removal of the striate areas in different animals The 
differences emphasized by him are those apparently existing be¬ 
tween rodents and higher animals in regard to pattern and "object” 
vision. Evidence obtained from studies seemed to show that there 
IS some degree of pattern and object vision in labbits after removal 
of the visual cortex, while in higher mammals, according to Marquis, 
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this capacity is abolished bv similar operations Marquis also be¬ 
lieves that there are significant differences between infra-liuman 
mammals and the human Individual with respect to the effects of 
removal of the visual cortex upon light discrimination. This belief 
is based upon data taken fiom a number of clinical cases which gave 
evidence of total loss of vision, including light vision, after complete 
bilateral destruction of the calcarine coitcx. 

In tlie view of Maiquis (44, 45), these differences m the effects 
of extirpation of the visual coitex in diffeicnt mammals repicsent 
a phylogenetic change in the neural mchanisms of vision, in which 
the striate cortex becomes progressively more important in tlic 
mediation of object vision and light discrimination In rodents, for 
example, pattern or object vision is mediated m part by the superior 
colliculus and otlici subcoitical mechanisms, as well as by the 
coitex, but m carnivora and higher mammals this function has been 
shifted cntiicly to the visual areas A similai ‘'cnccphalization’' or 
"corticalization" (Dussci dc Barcnne, 17) is said to take place with 
respect to intensity discrimination in the case of man. The main 
anatomical evidence cited by Marquis which he believes can be 
pointed to as a coi relate of the encephalizntion of visual function 
within the mammalian senes is that brought out in the studies of 
Brouwer and his collaboiators (8, 9, 10, 11) Overbosch (as cited 
by Brouwer, 8) was able to show that an orderly projection of the 
retinal quadrants upon the supeiioi colliculus can be found in 
rabbits, but no such discrete correspondence between the retina and 
the superior colliculus was observed by Brouwer and Zeeman (11) 
in the cat and monkey Brouwer (8) states, however, that some 
evidence for an orderly aitangcmcnt of visual fibcis in the superior 
colliculus was brought out in the experiments with the monkey. 

3 Movement Discnrmnalton. There is available at the present 
time no clcar-cut evidence concerning the relation between cortical 
function and movement discrimination, and it is not known whether 
or not the data presented above in connection with pattern vision 
apply also to the case of the disciimination of moving pattcins. 
Pavlov (53) describes experiments of Koudrin m which a conditioned 
differentiation between moving and non-moving luminous patterns 
was established in a dog after removal of the occipital lobes, but 
Pavlov’s description of these expciiments makes it impossible to form 
any definite conclusions concerning the cortical mediation of move- 



338 


JOURNAL OF GFNETIC PSYCHOLOGY 


mcnt discrimination Similailv, results of Kennedy and the present 
wiitci on cats (26) do not pejmit anv final judgment as to whether 
or not icsponses to moving stimuli can be established nfter extiipation 
of the striate aieas. In these expeiiments, thresholds of leal move¬ 
ment disciimiiiation wcie deteimined in thice cats befoie and after 
incomplete bilateial lemoval of the striate areas. In all three ani¬ 
mals, a part of tlie visual cortex bordciing the Sulcus splenialis was 
left intact. It was obseived after the opeiations that the tliresholds 
of all thice .inlmals wcie significanriv incieascd, although disciiinina- 
tivc responses could be secured consistently at the Ingher movement 
speeds. A moic recent pieliminaiv repoit of sirailai woilc by 
Kennedy (25) upon animals piesumably possessing complete ex- 
tiipation of the striate areas piescnts evidence for ludimentary types 
of pattern and movement discnmination in the cat aftei sucli 
operations. 

Although present knowledge of the coitical mediation of learned 
responses based upon movement stimulation is incomplete, there 
is some evidence that removal of the visual cortex in mammals such 
AS tlie cat docs not abolish compensatory head and eye movements, 
which are made in response to moving striated patterns (Smith, 73, 
76, 77) Observations of this sort, besides giving evidence for 
the mediation of responses to pattern differences by the subcortical 
neural mechanisms of vision, also seem to indicate a possibility of 
establishing learned lesponscs to moving stimuli in the cat after 
removal of the occipital lobes The subcortical neural mechanisms 
of the ocular reactions in the cat definitely seem to be capable of 
mediating responses of the cj'cs and head to moving striated pat¬ 
terns,® 

4. Size Disciwwialton The effects of removal of the vrsual 
cortex upon size disciimination have been studied by Lashley (S'i) 
and Kliivei (27) Using lats, Lashley observed that two visual 
stimuli of equal intensity but of unequal size could be discriminated 
by animals after all striate cortex had been destroyed However, 
when the total luminosities of the two stimuli were equated, keep- 


^Similar views concerning the discnminalion of stationary striated pat¬ 
terns have recently been advanced by Lashley on the basis of experiments 
with rats Unpublished data secured by the wntei nlso indicate the pres¬ 
ence of residiinl capacities in the discrimination of stationary lines in cats 
lacking the stnnte areas 
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ing the size difteieiices constant, the animals could no longer be 
trained to make disciiminative responses Similar results have been 
reported by Kluver in expeiiments with a monkey in which the 
stiiate aicas weie destioyed. 

5 Coloi Distnininaiion Franz’ investigations (19) of color 
sensitivity in the motikev constitute the only available expciimcntal 
work bearing upon the coitical mediation of learned disciimmativc 
responses to wave-length dii?erenccs in mfia-iuiman mammals Franz 
hud one animal in which most of the calcarine cortex was destioyed 
Along with othei observations he noted that the animal’s ability 
to disciiimnate diffeicntlv coloied pieces of bread was lost and could 
not be icestablishcd Othci animals with lesions confined to the 
doisal siiifaces of the occipital lobes could still icact dissciiinmativciy 
on tlie basis of visual cues in the selection of the coloicd pieces of 
biead Experiments by Kluvci (27) with one monkey, in which 
the occipital lobes wcie almost completely destioyed, have been taken 
to show that such an opciation may influence tlic effectiveness of 
ceitain sprctial colors according to their visibility 

6 Tempoially Detomived Discummntion Up to the present 
time, the relation between cortical function and flicker discnmina- 
tion has not been investigated, nor have studies been made of other 
diffcicntial responses based upon temporal variation in the stimulus. 
Fuitheimore, tlie expeiimental work already cairied out in connec¬ 
tion with other special visual functions seems to establish no adequate 
basis for inferences concerning the cortical mediation of temporally 
determined reaction in vision 

7. E\tra-visiiai Fnnctio7is of the S/iiaie Cortex. In addition 
to possessing the special visual functions described above, the striate 
areas aie involved to some extent m the maintenance of activities 
whose aftcrent control is not of visual origin Tsang (82), for 
example, has shown that m lats, in whtcli the eyes weie removed at 
an eaily age, extirpation of the stiiate areas at a later age induced 
marked defects in the letention of a learned maze habit. Similarly, 
Kieschcvsky (29, 30) has shown that preferential responses in an 
insoluble problem situation may be changed bv destruction of brain 
tissue involving the striate aicas These studies may be considered 
as significant m evaluating generally the results secured on ablation 
of the occipital cortex, since they prove that pait of the disturbance 
obseived after this operation js not entirely attributable to a strictly 
visual deficit. 
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III Problems 

The investigations cited above laise numerous unsolved questions 
concerning the functions of the mammalian visual cortex. It is 
believed that certain of these pioblems may be approached by the 
study of defects following removal of the striate cortex in. the cat. 
At the present time, such a study has particular reference to the 
following mam questions, (a) What lelation exists between the 
extent of destruction m the striate cortex and the capacity to dis¬ 
criminate differences in light intensity? (b) Does removal of the 
striate areas aftcct intensity discrimination equally at diffcient levels 
of general illumination (intensity suiround of the diffeiential 
stimuli)? (c) Does lemoval of the striate areas affect intensity 
disciimiiiation equally at diffeient intensity levels? (rf) To what 
extent aic defects in Intensity disciimination involved in the general 
visual deficit produced by cxtnpalion of the stiiate areas? 

IV Methods and Results or the Present Investigation 


1. Behavior Methods A lever discrimination apparatus, which 
has been described elsewhere by the writer (66, 69) was employed 
in the present experiments (Figure I) This apparatus, found in 



FIGURE 1 

Tht. Discri&iinatidn Apparatus 

A, lever, D, door, E, shelf, P, latch, G, master latch, H, lever support; 
I, spring; K, ventilating screen, L, light; M, metal tube; N, movable 
support for light. 

previous studies to be well suited for the study of visual acuity 
(67, 77), pattern vision (68, 71, 72), flicker discrimination (23, 24), 
and movement vision in the cat (25, 26), is modified in the present 
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investigation in order to permit tlie presentation of visual stimuli 
varying only in intensity. 

The apparatus consists of a small box, 29 cm. long, 28 cm wide, 
and 33 cm. high, painted flat black A door (D), a wooden frame 
1.9 cm wide, swings inward by means of springs attached to its rear 
side Its front side is fitted with grooves into which fiosted glass or 
caids beaiing various types of visual stimuli may be easily inserted 
01 removed. The latch of the door is controlled by a metal lever 
extending from inside the box, and terminating in a biass plate of 
a size ample to accommodate the paw of the animal The cat 
obtains food placed on the shelf (E) by depressing tlie level and 
thrusting its head and forebody through the aperture of the opened 
door 

A filter holder is mounted over an aperture, 10 cm by 12 cm., 
cut in the rear panel of the box. This holder is constructed to 
permit the insertion of two 4x5 photographic filters, which when 
inserted m their places do not allow stiay light to pass msidc the 
disci imination box. A diffusing screen is mounted on the other 
side of the aperture m order to aid m spreading the light inside the 
front part of the apparatus. The inside of the apparatus is painted 
white. 

Extending backward from the box and centered over tlie small 
aperture is a metal tube (M), 20 cm. in diameter and 90 cm. long, 
which contains the light (L), a 200-watt lamp, that is supported at 
the center of the tube by the metal brace (N). A ventilating screen 
IS arranged to fit the end of the tube, as shown in the diagram 

In the experiment, two of such boxes are placed on runways, 5 
cm wide, which extend outward from the end of a long runway 
table (Figure 2) The runways and the table arc both 60 cm. 
high. The fronts of the two boxes are located 50 cm away from 
the end of the table, and their centers are separated by an equal 
distance. 

A restiaining cage of suitable size is placed at the other end of 
the runway table Its front side contains a sliding door which is 
contiollcd by the expcrimentei from a position at the rear of the 
experimental room. 

The subject, upon release from the restraining cage, walks along 
the table and one of the runways and depresses the lever on one 
of the discr/mmation boxes Electrical punishment for an incorrect 
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FIGURE 2 

The Arranclment or tkb Discrimination Boxes During the Experiment 

response may be admmisteicd through coppei-wne grills placed on 
the lunways and galvanized-iion flooring covenng the end of the 
table. This arrangement of tlie elcctiodes of the electrical circuit 
giving the shock requires that the animal make the discrimination 
at the end of the runway table 

The animal is first accustomed to the experimental situation by 
preliminaiy feeding In the apparatus Tiaining in depressing the 
levers of the discrimination boxes is begun when the cat learns to 
leave the restraining cage and go diiectly to the opened boxes in order 
to secure food. Aftci the habit of manipulating the levers is thor¬ 
oughly established, tiaining with visual stimuli is begun by present¬ 
ing lights or cauls of different intensity in the doors of the dis¬ 
crimination boxes Each animal is given a senes of 20 trials per day 

2 Opeiative Piocedine ami Retnaiks Goncernitiff the Central 
Visual System of the Cat The extent and character of the visual 
cortex in the cat (Figure 3) xvas first described by Campbell (12), 
whose findings in the mam have been confirmed by most subsequent 
investigators (Alouf, 1; Brodmann, 7, Koppen and Lovvenstein, 
28; Minkowski, 48; Winkler and Potter, 83). Tins region of 
the coitex covers the posterror part of the Gyrus lateralis and all 
of the Gyrus lateialis posterior on the dorsal surface of the brain. 
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G l6.t post 





Thb ViauAi Cortex op the Cat 
(Redrawn from Campbell) 

Medially, the area includes the Gyius supia-splenialis along its 
entire extent as well as a part of the Gyrus splenmlis 
The relations of the striate cortex to the external geniculate body 
in the cat has been investigated by Bams (3), Minkowski (48, 49), 
and Poliak (54). As shown by Minkowski, the ganglion cells 
of the external geniculate body degenerate following complete ex¬ 
tirpation of the striate areas Minkowski also sliowed that the 
binocuar portion of the external geniculate body (le, that region 
receiving fibeis from the paits of the two retinae overlapping m 
binocular vision) is piojected upon the posterior poitioii of the 
striate cortex in the cat's brain. 

The external geniculate body in the cat has been described in 
detail by Thuma (81), while the relations of the nucleus to fiber 
tracts and other centeis of the visual system have been investigated 
by Riocli (62, 63). According to the work of Ovcrbosch, whose 
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results are summarized bv Brouwer (8), the retinal quadrants and 
the binocular regions of the retina aie projected in an orderly 
fashion upon the external geniculate body In general the anatomical 
results concerning tlie projection of the retina upon the external 
geniculate bodv and upon the stiiatc cortex in the cat seem to 
follow in almost all details similar data obtained with othei mam¬ 
mals (Lashley, 40, 41; Putnam and Putnam, 61; Brouwer, 8, 0, 
10, Brouwer and Zeeman, 11, Poliak, 55, 56, Poliak and Havashi, 

57) 

The relations between the stiiatc cortex and other projection 
centers of the optic system in the cat liave been described in part by 
Bariis (3), Minkowski (48, 49), and Poliak (54) Bains has 
shown that there is sccondaiy degeneiation of cells in the superior 
colliculus after lesions m the striate areas, and Minkowski states 
that removal of the stnnte coitex brings about n not insignificant 
extent of degcneiation m the superior colliculus In the monkey, 
Poliak (55) failed to find evidence for direct corticofugnl connections 
between the stiiatc cortex and the superior colliculus The nature 
of the projection of the retina upon the superior colliculus in cats 
IS not clearly understood. Brouwer and Zeeman (11) obtained 
no evidence for discrete areas of degeneration in the superior collicu^ 
lus after lesions of the retina in cats. They did find, however, that 
lesions of the retina in monkey’s produced localized areas of de¬ 
generation (Brouwer, 8) This fact seems to suggest that, in 
primates, the midbrain retains some of the importance as a primary 
projection center that it is known to have in lower vertebrates 

Althougli Jacking in completeness, current undeistanding of the 
central visual system in the cat is sufficiently advanced to serve as 
an adequate basis foi further investigations of the functions of the 
brain in relation to the visual capacity of tliis animal. Further 
significance of the facts just cited to the present investigation will be 
pointed out below. 

In the present experiments, partial and complete bilateral re¬ 
moval of the striate cortex was earned out on 12 animals under 
thoroughly aseptic conditions. All operations except that on one 
animal were performed in one stage by the aid of Nembutal (Pento¬ 
barbital sodium, 0.75 cc. per kilogram weight) anaesthesia. After 
adequate exposuie of the occipital lobe through an opening under 
the temporal muscle, the striate cortex and surrounding tissue were 
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partly excised by a thermocauteiy, and thereafter dissected out intact 
by means of a blunt spatula and dissecting forceps. The wound was 
tiglitly closed by sutuiing the temporal muscle, the supei/icial muscles, 
and the skin 

Following the testing ot letesting of the animals in intensity dis¬ 
crimination and other types of visually contiolled behavior, the 
animals wcie immediately killed and the brain fixed in 10 per cent 
formalin by peifusion through the caiotid aitcries. After removal 
fiom the cranial cavity, the brain was washed in water and tlieieaftcr 
dehydiated in alcohols It was then embedded in celloidin and 
cut in complete fiontal sections, 60 mm in thickness Every tenth 
section thioughout the brain and every othci section through the 
external geniculate body was stained with thionin and mounted 
individually on slides These piepaied sections were latei enlarged 
and diawings made of each section, which were used as a means 
for judging the relative extent of the lesion. In some of the animals 
with extensive destruction of the striate areas, a complete investiga¬ 
tion of tlic extent of cell degeneration in the lateral geniculate bodv 
was carried out. 

The nature of the operations as viewed from the dorsal and 
medial sides of the brain can be understood by reference to Figure 4, 
in which are shown drawings of the extent of the lesions as graphi¬ 
cally reproduced bj’ the method described above. It will be seen 
from these diawings that in eight of the different animals the striate 
cortex was incompletely removed. In these eight cases the cortical 
destruction varied fiom restricted lesions in the posterior portion of 
the lateral gyrus to almost complete removal of tins area. 

In foul animals (Subjects 17, 28, 29, 30) the striate cortex was 
completely removed as far as could be ascertained from observations 
of the extent of the lesions in the prepared sections. More complete 
anatomical controls of the extent of the cortical destruction in these 
and the other animals with extensive lesions was carried out, how¬ 
ever, by means of the determination of the extent of secondary cell 
degeneration in the lateral geniculate body In accordance with 
prior observations that the dorsal nucleus of the lateral geniculate 
body completely degenerates after extirpation of the striate region, 
a careful determination of the presence of ganglion cells in this 
nucleus was made in the animals with the more extensive lesions 
As far as could be ascertained, these observations showed that there 
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FIGURE 4 


was a complete absence of ganglion cells m the doisal nucleus of the 
external geniculate body in all four of the subjects As compared 
to the normal appearance of this nucleus, there was an increase in 
number of smaller and more darkly stained bodies, In four of the 
other animals with extensive but incomplete lesions, the degeneration 
of cells within, the dorsal nucleus extended mainly over the medial 
and anterior portions of both of the geniculate bodies. 
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3 Siibsidiaty Obseivations of Visually ConUolled Behavioi The 
animals with the moie extensive lesions were examined in detail 
conceiiiing various aspects of visuall} contiollcd hehiivioi besides 
tliat involved in the disciimmation of light intensities All of the 
animals here designated as having complete destiuction of the striate 
coitcx gave cleai evidence of defects in visual capacity which have 
been obseived by piioi investigators to be associated with removal 
of all striate cortex The animals failed to respond to any gestures 
or movements of the expenmentei made within then field of vision. 
Tlicy would not fixate lighted objects oi surfaces moved toward or 
past tliem. Under conditions of daylight illumination objects sud¬ 
denly moved towaid or past their heads failed to elicit reflex closure 
of the eyelids Tlicy were unable to locate food quicicly or effi¬ 
ciently when It was placed in then near vicinity and such an 
incentive could not induce them to climb the sides of the cage or 
other elevated places Visual placing reactions of the forclimbs 
could not be elicited in any of tbe foiii subjects when they were 
moved toward diffciently illuminated and patterned surfaces, and 
with the abolition of these leactions, the ability to jump from 
elevated positions was also lost. In addition, then ability to orient 
visually to obstacles lying in the path of progiession was abolished, 
except undei the special conditions of training and discrimination 
which will be descirbed in connection with the presentation of the 
results on intensity discrimination As far as could be ascertained 
these defects in visual control of tvpical responses were permanent 
m nature; i.c., they persisted as well marked as ever over the entiie 
period of six to ten months during winch the animals were under 
observation. 


V Results 

1. Vistia! 1/iteusjly DiscnrnwaHon m the Noimal Cat. Before 
proceeding to the presentation of results bcaiing upon the effects 
of removal of the visual coitex upon intensity discrimination it is 
first ncccssaiy to dcsciibc in some detail the nature of this capacity 
in the noimal animal. 

In the piescnt study thiesbolds of visual intensity discrimination 
were determined in eight animaK Six of these animals were later 
used in connection with studies of the effects of removal of the 
visual cortex One of the icmaining animals died bcfoie it could 
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be brought to the operation, while the other was retained as a 
laboratory subject for other purposes 

Eight threshold determinations on seven different animals (Sub¬ 
jects 7, 17, 18, 19, 20, 21, 22) were made under conditions m which 
the liglits from the stimulus boxes were the only illumination present 
in the experimental room These ciicumstances of stimulation will 
be designated hereafter as the dark conditions Five of these de¬ 
terminations were made with the standard light set at an intensity 
of 0 48 millilamberts while three were secured at an intensity level 
of 50 4 millilambeita After a stable disciimination between the 
lights in the stimulus boxes had been established, the Uminal ratios 
were ascertained by a modified method of limits. The threshold was 
considered to have been reached when the animal failed to dis¬ 
criminate 75 per cent of the time in 20 tiials during two consecutive 
20-trial periods at a given intensity level 

Table I presents the results secured on seven animals at the two 
diffeient intensity levels employed The single column to the left 
represents daily tiial periods of 20 trials each, The column marked 
(R) under the number of each subject indicates the different stimulus 
ratios employed as the diffeicnce between the two lights was re¬ 
duced, while the columns marked (%) show the percentage of 
correct responses made during that trial period The thieshold 
ratios of the different animals are given at the bottom of the table. 

Reference to tlie table will show that there is some variation In 
the threshold ratios obtained with the different animals. The 
lowest values were secured with Subject 17 at both intensity levels 
and with Subject 20 at the higher intensitv level. Subject 7 gave 
the highest latio of 1 6. In gcneial, the smallest intensity ratio 
discriminated by the animals at the low and at the high intensitv 
levels varied approximately over the same range. Greater difficulty 
was encountered by the different subjects in transfening from one 
intensitv ratio to a lower one as the threshold value was reached. 

Tests were also carried out on one animal when the general 
illumination of the experimental room was raised by placing two 
parabolic reflectors containing 200-watt bulbs 100 cm above the 
runway table and 200 cm back away from the stimulus boxes. 
In this situation the animal discriminated between Hering grey 
papers, which were fixed on stiff cardboard and inserted into the 
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door of the discrimination boxes A paper giving an intensity level 
of 47 I millilambeits was employed as standaid 

The single animal employed in this part of the investigation re¬ 
quired 60 trials to leach IflO pei cent coriect choice of the standard 
papei dining the tiaining senes TUcteaftei, the difference between 
the standaid biightness and the vaiiable brightness could be reduced 
to a ratio I 4 before the limit of the animal’s capacity to disciiminate 
between the two brightnesses was leached. This value lies within the 
range of thiesliold latios secuicd undei the conditions desenbed above 
in whicli the sui rounding illumination was as a minimum 

It is believed that tlic responses found can be pioved to be a 
function of the biightness ratios employed in the experiment. The 
fact that the disciiininativc bchavioj of the animals can be demon¬ 
strated to be limited consistently by a thresliold value of light 
intensity validates the experimental results m a positive way. In 
addition, the responses of none of the subjects were found to de¬ 
pend upon the eUctiic shock used as punishment, since brightness 
ratios above the thieshold values elicited disciiminntive behavior 
when the current giving the shock was discontinued. That other 
sccondaiy sources of stimulation weie not involved m the behavior 
IS shown by the fact that at no time could a discnininacivc response 
be elicited when the regulai procedure of the experiment was fol¬ 
lowed and stimuli of equal brightness employed. 

2. The Effects of Removal of the Striate Cortex upon IntensUy 
Discrimination. The results of this part of the expeiiment may be 
suramarixed under the following headings: (n) the effects of re¬ 
moval of different amounts of the striate coitex upon the retention 
of the brightness discrimination habit when the intensity of the 
surrounding illumination is at a minimum, {b) the effect of such 
operations upon thresholds of brightness discrimination under con¬ 
ditions similar to those used in (<?) , (c) the effect of removal of the 
stiiate cortex upon learning and retention of the brightness dis¬ 
crimination habit under different conditions of general illumination. 

{a) Retention of the Brightness Discrimination Habit under 
Coiiditjojij of Mimtnwn General Ilhimitiation. Twelve animals were 
employed in this part of the expeiiment. In addition to the pre- 
operative training in the discrimination habit, thiesholds were de¬ 
termined In four of the animals (Subjects 7, 17, 18, and 20) prior 
to the operations. Two animals (Subjects 23 and 29) were un- 
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trained when the operations were earned out. Additional pre¬ 
operative training given to Subjects 17, 28, and 30 will be men¬ 
tioned in a later connection below. 

Table 2 summarizes the results obtained on the 12 animals in 
the postoperative training earned out two weeks after the operations. 
These results are compared to those secured in the initial preoperativc 
training The numbers in the tables indicate the number of trials 
required to reach 90 pei cent correct choice of the brighter light 
in a 20-tiial period Examination of the table will show that all 
animals with lesions designated as partial, and which were trained 
piior to the operation, immediately iclcarncd the discrimination of 
the two lights Subject 30 also was able to discriminate between 
the stimuli immediately after a complete unilateral destruction of 
the striate coitcx. 

Animals with complete bilateral destruction of the striate area 
were at first unable to discriminate between the stimuli during the 
postoperative training. With subsequent training, liowever, all 
learned this response in at least 240 trials, and some in as few as 
140 trials 

The two animals which were not trained prior to the operation 
(Subjects 23 and 29), in one of which the striate areas were in¬ 
completely removed, required about the same number of trials to 
learn the discrimination in postoperative training. 

The destruction of the striate cortex in these different animals 
ranged from small localized lesions m the posterior portion of the 
Gyrus lateralis, through lesions of intermediate size involving most 
of the visual areas, to complete removal of tliese areas. As shown 
in the tabic, there aie no diffcicnccs in the degree of retention of 
the habit which can be said to vary directly with the magnitude of 
the lesion The only maikcd variation found is that induced by 
complete removal of the stiiatc areas, in which case the animals had 
to be retained for a period of time comparable to that required to 
establish the habit in the preoperativc learning 

(Z»). Effect of Removal of the Visual Coitet upon the Thresh¬ 
old of Brightness Discrimination unde} Conditions of Minimum 
General Illuintnalion Thresholds of visual intensity discrimination 
were determined in six animals subsequent to the operations In 
three of these animals, determinations were made after the opera¬ 
tions at both the high and at the lower brightness levels, although 
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preopciatlve tlnc'shold measuiements on two of these jinlmrils were 
secured only at the lower brightness level Both preopeintive and 
postoperntiye detenmnations were cained out with Subject 20 at 
the higher brightness level, while the threshold of Subject 23 was 
determined at the higher brightness level only after the operation 
Table 3 summarizes the results obtained in the different subjects 


TABLE 3 

Tub Prcoperative and Postoperative Thresiioid Ratios in Intensity Dis¬ 
crimination AT Two Diifereht BRicurNESs Levels 


Brightness 

levels 

048 millilamberts 

504 millilamberts 


Subject 

7 17 

18 

7 17 18 

20 

23 

Preoperative 

1 <»4 1.23 

1 29 

1 24 

1.24 


Postoperative 

25 25 

1 64 

1.32 2,2 1 38 

1 33 

28 


at both the high and at the low intensity levels Reference to the 
tabic will show that the threshold values showed no marked increase 
at either level The only animals giving evidence of any significant 
threshold loss were Subject 17, the single animal of this group in 
which the striate cortex was apparently completely destroyed, and 
Subject 23, which was untrained prior to the operation. The 
thresiioid loss of Subject 17 was about the same at the two different 
brightness levels. Subjects 7 and 18, in both of which the striate 
cortex was incompletely removed, also showed no significant varia¬ 
tion in threshold loss at the two different brightness levels 
The cortical destruction m the different animals employed in this 
part of the experiment involved small lesions restricted to the pos¬ 
terior part of the striate cortex (Subjects 18 and 23), lesions of 
intermediate size (Subjects 7 and 23) and complete removal of 
the striate areas (Subject 17). Tlie degree of variation in the 
threshold of biightness discrimination among the animals employed 
m this study seems not to be significantly related to the extent of 
the extirpation of striate cortex. The degree of change in the 
capacity of the different subjects to discriminate differences in bright¬ 
ness is not remaikably greater than the variation found among normal 
animals. 

(c). Effects of Removal of the Strtate Coilex upon Retention 
of the Brifflitness Discnmtnation Habit under Dijjeient Conditions 
of General Illunituation. Prior to the opeiations, three animals 
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(Subjects 17, 29, and 30) were trained in the discrimination of 
brightness under thiee difterent conditions of general illumination. 
These were conditions of (a) minimum general illumination in 
which the light from the stimulus boxes was the only light present 
in the experimental loom, (Z>) low general illumination, in which 
two 15-watt bulbs wcie placed in the reflcctois above the runway 
table; and (c) high gcncial illumination, m which two 200-watt 
bulbs were placed in the leflectois above the runway table. 

The stiiate cortex of the three animals employed in tills part of 
the experiment was completely removed so far as could be ascer¬ 
tained fiom histological examinations of their biains and from sub¬ 
sidiary observations of their behavior. In the case of Subject 30, m 
which the opeiation was done in two stages, ictests were run two 
weeks aftei the first operation <is well as two weeks after the com¬ 
pleted removal of both striate cortices Preopciative retention tests 
weie cained out with two of the animals two weeks after the 
initiol training 

In Table 4 are summarized the number of trials presented to the 

TABLE 4 

Tkb Number of Trials Required to Reach NiMBry Per Cent Choice of the 
Brighter of Tivo Lights During the Prboperative Training, Pre- 
operative Retention, and Postoperative Training Series 
Under Different Conditions of General Illumination 

Subject 17 ii 30 

Operation Complete Complete Unilateral Complete 

Sumulnting Fre. Pro. Post. Pre Post Pro Pre. Post Post. 


conditions 

Tr. 

Ret. 

Tr 

Tr 

Tr 

Tr. 

Ret 

Tr 

Tr 

Dark conditions 

100 

20 

160 

HO 

200 

160 

20 

40 


Low illumination 

60 

20 

100 

40 

200-* 

80 

20 

40 

200* 

High illumination 

20 

20 

SOO* 

60 

500* 

100 

40 

60 



•Failed to learn in the number of trials indicated 


three animals during the preoperativc training, the preoperative 
retention tests, and the postoperative training in the three different 
situations employed. Numbers designating each subject are given 
at the top of the table, while the nature of the conditions of train¬ 
ing and testing arc described in the column to the right. Numbers 
in tlie table marked with an asteiisk represent the fact that no learn¬ 
ing took place during the number of trials indicated 

Examination of the results presented in the table will show that 
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the thice subjects requued lespcctively 100, 140, and 160 trials in 
order to learn tlie piimary discrimination in the first stimulus situa¬ 
tion Thereafter, when immediately presented with the situation 
giving low general illumination, 40 to 80 trials were required to re¬ 
establish the habit Subject 17 discriminated at once when put into 
the third situation, but the remaining two animals had to be retrained 
for periods of 60 and 100 trials lespectivelv During the picopcrative 
retention tests all animals were able to maintain a level of correct 
ciioice in excess of 80 per cent in 20 trials 

After complete icmoval of the striate aieas all tiuec animals de- 
mandetl a peiiocl of ictiaining m the hist situation exceeding then trial 
record duiing the initial pieoperative tiaining in this situation When 
presented thereafter with the second situation, two of the animals 
failed to exceed a chance peiccntagc of coirect responses within 200 
trials. Subject 17, however, learned to discriminate m this situa¬ 
tion within 100 trials. In the third situation, all three animals 
were lun for a period of 500 tiials without showing any evidence 
of being able to discriminate between the two stimuli. 

After the first stage of the operation, Subject 30 was run in a 
series of control tests under exactly the same conditions as those 
desciibed above. As seen in the table, the unilateral operation had 
almost no effect upon the ability of the animal to respond in all 
three situations This animal discriminated immediately when put 
into the first situation after the operation, theieafter transferred 
to the second situation, and when presented with the third situation 
requiied only 60 trials to relearn the discrimination. However, 
after the second stage of the operation, this animal failed altogether 
m learning the discnininatioii in the circiimsbinces involving increased 
general illumination 

V Summary and Discussion 

The results of the experiments just described permit certain 
tentative statements concerning pioblems raised earlier in this paper. 

Thresholds of visual intensity discnminaiion in four adult cats 
were found to vary between ratios of 1 23 and 1 6 at a brightness 
level of 0 48 millilainbeits under conditions in which the illumina¬ 
tion of the suriound m the experimental room was at a minimum. 
At a biightness level of 50 4 milhlambeits under similar conditions 
of intensity surround, comparable threshold ratios in five animals 



356 


JOURNAL OF GENETIC PSYCHOLOGY 


vaiied between 1.24 and 1.6. Under circumstances of increased 
geneial illumination the threshold ratio of one animal was ascer¬ 
tained to be approximately 1.4 In this part of the experiment the 
brightness of the standard stimulus was kept at a value of 47 1 
millilamberts. 

These combined results seem to indicate that the visual capacity 
of the cat m intensity discrimination is equal to or may excel that 
of many other different infra-human mammals Although fairly 
crude methods were used here m making variations in light in¬ 
tensity the results seem consistent enough to permit certain conclu¬ 
sions concerning the sensitivity of the optic system in the cat The 
following general comparisons give some idea of the nature of 
brightness disci imiiiation in this animal m relation to that of other 
mammals. Threshold ratios have been determined in different 
infra-human mammals to be as follows: albino rat—1 26-2.37 (Munn 
and Slater, 52); pigmented rat—^20 (Lashley, 36); raccoon—126 
(Munn, 51); dog—12 (Marquis, 44; Stone, 80) As far as Is 
known these values, although not exactly comparable, are based 
upon measurements made by essentially similar methods over the 
median range of ilhimmation. In general it may be said that as 
far as the present study has gone, the capacity of the cat in intensity 
discrimination is of an order found in other sub-primate mammals, 
but inferior to that of the monkey. However, it should be pointed 
out that under the conditions used in the present experiments the 
threshold ratios of the cat m certain instances approximated those of 
human subjects making observations under the same conditions. In 
addition, there seems to be no evidence that any marked variation 
exists between the ability of the normal animal to discriminate 
differences in light intensity at low and at high conditions of general 
illumination. 

Two weeks after the removal of varying amounts of the striate 
cortex, 12 animals were trained and tested in the discrimination 
of brightness differences under conditions in which the illumination 
of the surroundings was at a minimum. The extent of cortical 
destruction in these different animals included small lesions in the 
posterior aspect of the lateral gyrus, lesions of intermediate size, 
lesions involving almost all of the striate areas, and complete le 
moval of both striate cortices Animals with partial lesions showed 
no significant loss in retention of the brightness discrimination habit 
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when tested two weeks after the operations Four animals with 
complete removal of the visual areas, however, lost the habit and 
had to be retrained for a period somewhat exceeding the number 
of trials required to establish the habit in the preoperativc training 
The postoperative effects of removal of the striate cortex under 
these conditions seemed to be confined entirely to animals with the 
complete lesions 

The observations made here on ictcntion of the brightness dis¬ 
crimination habit after partial and complete removal of the visual 
cortex contribute further knowledge to a problem whicli has already 
been dealt with by Lashley (31, 32, 33, 34, 35, 38, 42) in experi¬ 
ments with rats. In a number of different studies Lashley found 
a positive correlation from .50 to 60 between the magnitude of 
destruction of striate coitcx and the degree of amnesia in bughtness 
discrimination. The moie recent of these studies sliowcd, however, 
that a coirelation of this dcgicc was not evident if the extent of 
the destiuction m the striate areas was judged on tlie basis of 
secondary degeneration in the external geniculate body Therefore, 
from this evidence, Lashley concluded that the other correlations 
obtained by him arc artifactual m nature, and that the effect of 
striate area lesions upon the retention of the brightness discrimination 
habit is all or none in character. The results of present experiments 
are in accordance with this more recent conclusion of Lashley, since 
lesions varying greatly in size were found to produce no concomi¬ 
tant variation in the retention of the intensity discnmmation in. the 
cat as long as some of the striate cortex was left intact. Loss in 
retention of the habit was found only with extirpations piesumably 
involving all of the visu.il cortex. 

Evidence presented here seems to show that partial and complete 
removal of the striate coitcx Ii.is no marked effect upon the differ¬ 
ential threshold of brightness discrimination as measured under 
circumstances in which the surrounding illumination is kept at a 
minimum. When theresholds were determined at the same intensity 
level, animals with lesions confined to a small part of the striate 
areas gave evidence of threshold losses appioximating those of cats 
with all striate cortex removed. The thresliold modificcXtion found 
in animals with both paitial and complete removal of the striate 
cortex was not much larger than the variation in threshold ratios 
found among normal animals. Evidence was also secured that 
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partial and complete removal of the striate coitcx does not pro¬ 
duce different threshold losses at different intensity levels The 
threshold variations in the operated animals was approximately 
the same at two intensity levels which differed by a factor of 100. 

The variation in threshold capacity produced in cats by partial 
and by complete removal of the striate cortex is of an order com¬ 
parable to that found by Maiqiiis (44) m the dog However, the 
present results do not show any significant relation between the 
magnitude of the destruction of the striate aicas and loss in threshold 
capacity which has been brought out m an experiment by Lashlcy 
on the rat (35). The lather large vaiiation in extent of striate 
area clestiuction in the cats studied in the present experiment and 
the small changes in thiesholds found in the postoperative determ¬ 
inations seems to preclude the possibility of a significant relation 
between threshold loss and extent of cortical extirpation 

The explanation for the fact that mammals suffer a temporary 
amnesia in intensity disciimination after complete removal of the 
striate cortex still remains an unsolved problem. The most plausible 
cxplanafion of this effect now seems to be that the period of re¬ 
training required to reestablish the habit corresponds to a period of 
reorganization of subcortical visual mechanisms m relation to the 
sensory-motor mechanisms of locomotion and placing of the limbs 
The visually controlled limb and trunk reflexes, which are only 
partly cortically determined, must be recoordinated in relation to 
afferent impulses mediated by the subcortical visual pathways when 
the cortical component of their contiol is completely abolished 
These statements mean essentially that the relearning required 
after the operations involves not so much an increase in visual sen¬ 
sitivity as it does the establishment of new visual-kinaesthetic motor 
integrations These ideas suggest whv theie is a temporaiv loss 
of the discrimination habit but no marked reduction m threshold 
capacity after the operations. 

Results were presented which showed tliat when animals lacking 
the striate areas are tested postoperativcly under conditions of gen¬ 
eral high illumination, there occur apparent permanent disturbances 
in brightness discrimination which are not evident at lower levels 
of surrounding illumination. Three cats with complete removal 
of the visual cortex, although able to relearn the intensity dis¬ 
crimination when the illumination of the surroundings was at a 
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minimum, failed to relearn the same habit under conditions of 
inci cased letinal illumination Two of the animals showed no evidence 
of lelcarninR the li.abit within 200 tuals at an intci mediate stage of 
general illumination In contiast, it was found that unilateral 
removal of the striate areas had no eftcct upon the rclcaining of 
the habit undci these diffcicnt ciicumstanccs 

Tliese results seem to have direct significance to more general 
problems of the functions of the cortex in vision As a result of 
the experiments of Lashlcy with the rat (31-43), the opinion is 
now held that lemoval of the striate areas abolishes the ability to 
respond to visual patterns but leaves intact disciiminations based 
upon differences in light intensity The fact should be noted, how¬ 
ever, that the experiments of Lashley upon brightness discrimination 
were made only in circumstances m which the sui rounding illum¬ 
ination was reduced as far as possible, whereas the studies on 
pattern vision were carried out undei liigli illumination The 
results of tlic present experiments suggest that the level of general 
illumination at which defects of pattern vision were dcmonstiated 
m Lashlcy’s cxpciimcnts, disturbances in intensity discrimination 
may also be shown to exist. 

Soraewliat similar statements can be made m regard to the idea 
of Marquis (44) that thcic is a distinct separation of "object’* 
vision and intensity discrimination within the central optic system. 
Marquis observed that complete removal of the striate cortex in the 
dog abolished the ability of the animal to respond to threatening 
gestures, to avoid obstacles, etc. But he also found that the same 
animals were very capable m the relearning of the discrimination 
between two lights which were presented in an otherwise dark room 
Extended tests showed that there was only a slight modification of 
the threshold capacity of the animals as a result of the operations 

In giving an account of his experiments, Marquis (44) states* 
"The slight impairment of the threshold of light discrimination is 
not sufficient in itself to explain the cntiie visual defect The dogs 
bumped against objects Uield or moved before their eyes, even 
when the bnghtness difference between the objci and its background 
wab many times gieater than their threshold of discrimination " 
Maiquis accounts for the ambiguity that under certain conditions 
his animah were apparently “blind" but could yet make almost 
normal bnghtness discriminations under other conditions by as- 
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suming that there is a distinct psychological difference between 
“light" -vision and -what he calls “ohject" vision. The ability to 
localize and respond visually to certain constellations of stimuli 
such as food, movements of the experimenter, and obstacles placed 
befoie the animal is taken by him to be indicative of “object” vision. 
On the other liand, a similar capacity to localize and respond to 
the correct stimulus in a brightness discrimination apparatus con¬ 
stitutes a different psychological function, i e., light vision Ac¬ 
cording to Marquis, destruction of the stiiate cortex abolishes 
"object” vision but leaves intact this more primitive capacity of 
“light” vision. 

It seems possible on the basis of the present results to give a 
solution of the problem laised in Marquis’ experiments (44) with¬ 
out the making of unwarranted assumptions concerning the psy¬ 
chological nature of responses to various kinds of visual stimulation. 
The conditions used in the experiments of Marquis in which a 
deficit in object vision (so-called) was demonstrated, were condi¬ 
tions of general high illumination Evidently, as the present ex¬ 
periments clearly shoWi there is a distinct difference between the 
capacity of the operated animal to respond visually under such 
conditions and in circumstances in -which objects of high intensity 
are presented against a dark surround Accoiding to the results 
obtained m the present investigation, the visual deficit resulting 
from removal of the striate areas can be described in terms of a 
defect in intensity or light vision, m so far as this capacity is meas¬ 
urable under conditions of high illumination of the surroundings. 
Or, more specifically, it should be said that this deficit involves in 
part disturbances in intensity vision under circumstances of increased 
general illumination 

It seems clear, therefore, that no distinct division of neural 
function is involved in the mediation of brightness discrimination 
and what has been discussed by Marquis (44) as object vision 
Defects m brightness vision occur under the same conditions of 
stimulation in which disturbances in localizing responses to food, 
obstacles, etc, have been demonstrated Conversely, there seems to 
be no evidence that this capacity m orienting to objects is completely 
lost in circumst.nnces in which intensity discrimination can be proven 
to be almost normal. Indeed, it may be argued that the ability of 
operated animals to localize and respond to the correct stimulus in 



KARL U SMITH 


361 


a brightness discrimination apparatus is as indicative of object 
vision as is any other type of orientation to differences in visual 
stimulation 

In the light of the present experiments, the impairment of vision 
in the cat following complete lemoval of the visual cortex seems 
to involve disturbances which cut across different visual capacities, 
including both intensity and pattern vision, depending upon the 
general conditions of a stimulation in which the animals arc tested. 
The circumstances of stimulation in which little or no deficit is 
found in either intensity or pattern vision arc those presenting 
marked gradients in retinal illumination, while circumstances asso¬ 
ciated with significant loss in both types of visual capacity are 
distinguished by reduced gradients in illumination. Proof of this 
fact has already been offered in connection with the discrimination 
of intensity differences in the cat, and the question may be raised 
as to whether or not the same description applies ns well to other 
visually controlled responses. 

In a former study, the writer (73, 78) has shown that this 
account seems to describe the effects of removal of the striate cortex 
in the cat upon the reactions of the eyelids to moving objects or 
"threatening gestures.” The results of this study showed that 
cats deprived of the visual areas lose such responses when the 
animals are tested under median levels of illumination. Neverthe¬ 
less, if the operated ent is held before an intense light source (500 
watts) and the hand or a card moved across the visual field, the 
reactions still persist The increased gradient or contiast effect 
provided by the intense source seems to be necessary, therefore, in 
order to elicit such reactions in the operated animals. 

Furthermore, such a desciiption as that given above is apparently 
an adequate account of tlie modification in pattern vision after 
extirpation of the striate areas. The present writer (73, 78) has 
described experiments showing that, although fixation movements 
of the eyes and head (oculocephalogvric lesponscs) to objects such 
as pieces of food, the experimenter’s hand, etc., are abolished in 
the cat after removal of the striate areas, simil.ir reactions to a 
rotating black and white striated pattern covering the entire visual 
field still persist after the operations In a further experiment 
(Smith, 76), It has been proved that the visual acuity of the 
operated animals under the latter conditions is approximately 11 
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minutes of arc or better, an acuity of pattern vision higher than that 
demonstrable in tlie pigmented or albino rat (Lashley, 36) TIic 
explanation of the abolition of pattern vision when the animals are 
tested with pieces of food or by moving the hand across the visual 
held lies in the fact that these situations do not present sufficient 
changes in retinal illumination or contrast in order to bring about 
forced reactions On the other hand, by increasing the gradient 
or change in retinal illumination by lotation of uniform black and 
white patterns across the visual field one may still secure definite 
responses to changes in visual pattern, and to a degree in the near 
vicinity of that of the acuity of the normal animal. In the 
former case sufficient change in illumination is not present for 
diffcrentinl reactions to be produced in the more primitive sub¬ 
cortical neural pathways, whereas the uniform change in retinal 
illumination provided by rotation of the visual field will produce 
such reactions.^ 

Certain observations by I-rfishley (42), van Herk and Ten Cate 
(22) and Ten Cate (14) also point to the fact that ccitain types 
of pattern discrimination persist after removal of the visual areas 
in the rat and rabbit. Although Lashley (37) and Lashley and 
Frank (43) could not sccuie any indication of pattern vision in rats 
after complete extirpation of the visual areas, when the animals weie 
tested under conditions of daylight illumination m which a diversity 
of patterned differences were involved besides those relating to the 
significant stimuli to be discriminated, Lashley did observe that such 
animals could still localize the position of patterns of light in an 
otherwise dark field. In addition, Kennedy (25) has presented 
tentative conclusions that the discrimination of moving patterns m 
the cat are not completely abolished by removal of the striate cortex 

*Sincc thia senes of experiments were reported, there has come to the 
attention of the writer a simitar study by ter Bra.ik (6) concerning the 
effects of removal of the striate cortex and of decortication upon visually 
controlled eye movements in the rabbit, dog and monkey Ter Braak 
distinguishes between wh.it he calls fixation ("stier") and visual ("shall") 
nystagmus, and holds that the two can be considered ns distinct because 
the latter involves ‘'attention.’* He emphasizes that the former is present 
only with marked contrast in tbc visual field Observations on operated 
animals showed that decortication or removal of the occipital cortex in 
the dog and monkey abolished the “visual'* nystagmus but left the "fixation" 
nystagmus intact These results seem to agree in detail with those re¬ 
ported by the wiiter, and the division of function left unexplained by ter 
Braak is apparently well accounted for in terms such as those just mentioned 
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Kennedy’s nnimals wore also tested under circumstances In which 
tlie significant stimuli were the only lights present m the expeii- 
mcntal room. The experiments of Lasliley (42) and of Kennedy 
(25) suggest that removal of the striate coitex does not completely 
abolish pattern discumination, but leaves intact the ability to respond 
to visual patterns in situations presenting marked gradients or 
contrast effects between the figure and the background. 

All of these lesults seem consistent in showing that extirpation of 
the stjiate areas, by reducing the eflicicncv of the entire optic system, 
brings about a limited th'^tuibance in diftcicnt visual functions latbcr 
tlian the complete abolition of certain specific functions such as 
pattern vision They appear, furthermore, to be generally contra¬ 
dictory to the view that m higher mammals there arc independent 
levels of oiganizatton within the optic pathways, such that the 
higher levels may mediate pattern vision and the lower intensity or 
light vision A mote plausible idea seems to be tliat this organisa¬ 
tion consists of a separation of neural control according to the 
degree of change in retinal illumination involved in either pnttein 
vision or intensity discrimination. The circumstances m which 
both intensity and pattern vision seem to be demonstrable in animals 
without the striate cortex arc those m which there arc marked 
gradients in letmal illumination, such as arc obtainable by present¬ 
ing differential stimuli against a dark surround or by rotating 
patterns of light uniformly acioss the visual field Although the 
natuie of this residual visual capacity seems to be similar in every 
respect to that found in animals possessing only rods jn the retina, 
the relation between the visual capacity of animals without the 
striate cortex and the mechanism of rod and cone vision must be 
further investigated. 

The following concluding remarks may be made concerning the 
results of the present study 

1 An apparatus and technique is described which permits the 
controlled investigation of intensity discrimination in tJie cat. 

2. Thresholds of visual intensity discrimination in the cat were 
found to vary between ratios of 1.23 and 1 6 at different brightness 
levels and with different levels of general illumination (intensity 
surround). The capacity of the cat in intensity discrimination 
seems to be of an order comparable to that which has been found 
in other sub-primate mammals. 
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3. The effects of paitial and complete bilateral removal of 
the striate coitex was investigated in 12 animals in relation to the 
question of the retention of the intensity discrimination habit. Ani¬ 
mals possessing partial destruction of the striate areas gave evidence 
of no loss in retention of the habit after the operations, while those 
having complete lesions required a period of letraining in the le- 
sponse comparable to that necessary to establish the oiiginal pre- 
operative discrimination No evidence was secured that a direct 
relation exists between the extent of destruction of the striate cortex 
and the retention of the intensity disciimination habit. 

4. Paitial and complete bilatcial icmoval of the striate cortex 
in five cats failed to produce significant vaiiations in the thresholds 
of intensity discrimination which were dcteimined at two different 
brightness levels Contrary to an earlier investigation of Lashley, 
no evidence was secured that there is a significant relation between 
the threshold of intensity discrimination and extent of destruction 
m the stiiatc cortex. 

5 The postoperative defects m the retention of the intensity 
discrimination habit as a result of complete bilateral removal of 
the striate cortex seem to be best explained m terms of the elimina¬ 
tion of the cortical control of the limb and trunk reactions involved 
in the learned visual orientation and the reestablishment of the 
neural control of these reactions thiougli subcortical neural centers, 

6 Results arc presented to show that, when animals lacking the 
stiiatc areas are tested postopciatively under conditions of geneial 
high illumination (intensity surround of the differential stimuli), 
there occur apparent permanent disturbances in intensity discrim¬ 
ination wliicli are not evident when such tests are made with stimuli 
presented against a dark surround. Thiee animals with complete 
bilateral removal of the striate aicas failed to relearn an intensity 
discnmmation habit under conditions of high general illumination 
although they were able to relearn this same habit easily when the 
surrounding illumination was at a minimum 

7. The general visual deficit following complete removal of the 
striate cortex in mammals involves a disturbance in the ability to 
discriminate intensity differences under conditions of incicased gen¬ 
eral illumination. 

8. Arguments are presented to show that the general deficit 
in mammals following complete removal of tlie striate cortex does 
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not consist in the loss of ccitnin specific functions (pattern and 
object vision) and the normal ictcntioii of other visual capacities 
(intensity and light vision) A more plausible view, in the ligiu 
of the present results, seems to be tliat destruction of the striate area 
brings about a limited disturbance in both intensity discrimination 
and pattern vision 

9 Since both intensity disci immation and pattern vision seem 
to be demonstiable in animals without the striate cortev in cir¬ 
cumstance of incieased giadicnts in retinal illumination, it is assumed 
that the subcoi tical visual pathways in the cat and otliei mammals 
are differentiated to such a degicc as to mediate icsponscs correlated 
with both intensive and pattcincd differences in stimulation. 

10. Tlic mam function of the striate cortex, as indicated by 
the piescnt cxpciimcnts, seems to involve the neural contiol of 
responses con elated with reduced gradients in retinal illumination 
either in respect to intensity or pattern vision The separation of 
visual functions between the stiiate coitex and the subcortical 
visual centers seems to be one of degree rather than of kind 
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STUDIES OF TliE GRASPING RESPONSES OF EARLY 
INFANCY: I * 

The Yale Clnitc of Child Dcvelopmeui 


H. M Halverson 


Conflicting repoits (21) of the natuie and strength of the grasp¬ 
ing reflex in human infancy led to a more or less exhaustive exam¬ 
ination of this early response The study was conducted on infants 
at the hospital of the State Farm for Women at Niantic, Conn.^ 

Specifically, the investigation sought to dcteimine the conditions 
under which the early grasping response occuis Responses to dif- 
fcient kinds of objects, i.e., wood, iron, haii, rod of nails, etc., 
which were placed against the palm, were obtained to determine 
preferential and shunned matciials Responses to contact pressure, 
strong piessure and "pull” were compared. The strength of the 
"clinging" response was dctcimined for the mdividiml fingers, for 
each hand, and for both hands simultaneously The nature of re¬ 
sponses by fingers and hands to a yielding object and the amount 
of pressure exerted in each instance were investigated The relation 
of hungci and satiation to the grasping response was studied by 
noting the clianges occurring m gripping pressure before, during, 
and after feeding periods 

What is meant by tlio grasping reflex? Is it the closing of the 
fingers upon an object m response to palmar contact? Is it the 
gripping^ of tlie object—a proprioceptive response evoked by the 

*Acccpted for publication by Arnold Gesell of the Editorial Board, and 
received in the Editorial Office on March 2\, 1937. 

^The writer Rrenlly appreciates the interest and cooperation of Miss 
Elizabeth Monger, the Superintendent, who set aside a research room 
and arranged for numerous conveniences which greatly facilitated the 
study The writer is also indebted to Miss Elsie Shearer, Assistant Super¬ 
intendent, Dr. Freitag, the Resident Physician, and llic nurse in charge of 
the infants Mrs Josephine Doyle Kryninc, graduate student at the Yale 
Clinic of Child Development, assisted the svriter in the experimentation 
Suggestions by Dr Raymond Dodge of the Department of Psychology, Yale 
University, were extremely helpful m carrying on the investigation 

®An infant may close his fingers upon an object without gripping it 
Gripping and clinging here are actually synonymous terms. When an infant 
grips an object he clings to it In this paper gripping becomes clinging 
when the object grasped is pulled by the experimenter 
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intioduction of external resistance to the flexors of the hand? Or, 
is it the combination of these two reactions^ The presence of these 
components, (21), closure and gripping, gicatly complicates the 
early grasping pattern. If complete closure of the fingers to palmai 
stimulation is a grasping response, any partial or feeble closure 
to the same type of stimulation is a grasping response However, 
it IS likely that in most cases investigators do not record finger 
flexion as a grasping response unless full flexion takes place Again, 
It is likely that other investigators do not record finger flexion as a 
grasping response unless the object (stimulator) is gripped, They 
have most certainly observed discrepancies in readiness, speed, mag 
nitude, and sticngth of early grasping responses and in some cases 
have reported them. 

In dealing with the strength or duration of the grasping rc 
ponse, It IS always the proprioceptive reflex which is measured 
The infant clings to a rod, supporting his weight for a certain 
period of time It is necessary to refer to this reaction as the cling¬ 
ing response for the following reason If a supine infant is grasping 
a rod with his hand above him at arm’s length, an upward pull on 
the rod by the experimenter will be resisted by a tiglitcning of the 
infant’s fingers. A weak pull will be resisted bv finger flexion the 
strength of which is somewhat greater than the force of the pull; 
a strong pull will be opposed by a correspondingly stronger tight¬ 
ening of the fingers, In any event, insofar as the force of the pull 
IS within the infant's immediate capacity to resist it, any attempt 
at removal of the rod (extension of the fingers) will be more 
than counterbalanced by finger flexion This fact is clearly demon¬ 
strated in one of the present experiments. The posture of the arms 
in hanging by the hands from a rod is similar to that above, In 
supporting the entire weight of the body in clinging the infant 
demonstrates the principle of opposing the force of the "pull” with 
a greater force by the resisting flexor tendons 

Early grasping responses vary greatly in temporal and physical 
pattern for the individual under conditions which are apparently 
unchanged A form of stimulation which evokes weak grasping may 
upon second application evoke strong gripping Similarly, a strong 
grasp may be followed by a weak closure Then, again, no grasping 
response may occur The strength of the grasp varies during the 
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day, and from day to day for no apparent cause. The hand may 
close quickly at one time and slowly at another time The amount 
of stimulation required to evoke the response is not constant. Grasp¬ 
ing may or may not function during sleep. Some of the conditions 
under which this variable response operates arc herein reported. 

Other difficulties confront investigatois of the early grasping 
response, In the first place the flexors are the dominant muscles 
in infancy It is common knowledge that the hand of the very 
voung infant is usually closed and that giadual extension of the 
fingers is a function of age. Investigations by Swan (49), who has 
studied the posture of the resting hand of infants, and the norma¬ 
tive work at the Clinic of Child Development at Yale (17) con¬ 
firm this view. Thus the volar surface of the hand, tlic place of 
application of the stimulus for evoking the grasping response, Is 
often closed to experimentation. There probably are biological ad¬ 
vantages in a closed hand In infancy aside from remote ancestral 
clinging. A closed hand of the helpless human protects the sensitive 
palm and at the same time greatly reduces the chances of injury 
from external sources. The investigator must resort to force to open* 
the hand for the insertion of the stimulus or wait patiently for 
the infant to relax his fingers Then there is the difficulty of con¬ 
trolling the intensity and area of stimulation under these conditions 
The lack of control of these factors renders incomparable results— 
i.e., a stimulus of one intensity yields a certain reaction, a stimulus 
of different intensity may yield a different reaction. Experiments 
herein reported show that such is the case Other conditions which 
may influence the response are: fatigue, nutrition, adaptation to 
stimulation and so on. Angclis (2) also calls attention to these 
difficulties in connection with his work on reflexes. 

Date of Appfarancb 

There is pretty general agreement that the early grasping response 
IS present at birth Among the investigators who contribute to this 
view arc Robinson (41), Mumford (35), Peterson and Rainey 
(37), Watson (53), Brv-in (6), and Hurlook (23) Jcisild (27) 
carefully states that most infants exhibit this response early in life 
Angelis (2) says that almost all reflexes are ready for operation' 
at birth. Givler (18) believes the response is not only present 
on the first day of life but that it probably was practiced before 
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birth For Holt (22) the grasping reflex is an example of pro¬ 
prioceptive learning m the fetus. Pciper’s (36) view is that the 
grasping reaction is one of the great array of defense reflexes with 
which the child is born,® Bolaffio and Artom (S; 12) find that reflex 
grasping occurs in fetal life. Feldman (13) says that all movements 

at birth are reflexes and that incomplete development of the in¬ 
hibitory centers accounts for their exaggeiation Lenz (31), whose 
interest in leflcxes lies in their influence on the behavior of the 
individual, thinks that grasping in combination with sucking oc¬ 
cupies a signficant place in the development of conduct 

In addition to the*usual flexion of the fingers in response to 
tactual or proprioceptive stimulation of the palm or tendons of 
the hand, smaller contractile (micro-kinetic) finger movements take 
place at irregular intervals According to Feldman (13), these 
movements are probably somewhat inhibited at 3 months and quite 
under control at 3 years. Just what relation these slight spontaneous 
finger movements bear to the early grasping response no one knows. 
Both involve finger flexion, m one case the activity is almost con¬ 
tinuous but abbreviated, while the stimulus is unknown, In the 
other case, the activity occurs under conditions of cutaneous or 
proprioceptive stimulation, or both, and usually involves consider¬ 
able, if not complete, flexion of the fingers. 

Inability to distinguish between reflex and voluntary action in 
grasping further complicates investigations on the early grasping 
response. It is probably true that the grasping reflex gradually 
disappears^ as voluntary grasping appears and develops. Is the fact 
that an infant closes his hand more or less immediately on an 
object placed against his palm a sure indication of the presence 
of the grasping reflex? Or, does the manifestation of clinging to 
an object serve as the ciiterion for the presence of this response? 
In either case there are many instances wherein neither of these 
criteria suffice definitely to demarcate as reflex or voluntary the 
action which takes place. Later discussion will bear on this point 

*As for infra-humaas, Lnshley, K S, and Watson, J. D (30) report 
that the Macaciis rhesus monkey clinga to Us mother nt the start of life, 
and Jacobsen (25) notes the occurrence of this response in a baby chim¬ 
panzee soon after birth 

^Disappearance of the reflex does not necessarily signify that it ceases to 
exist, but that it fails to occur under conditions which generally are effective 
in producing it in infancy 



II M IIALVrRSON 


375 


Generally, in reflex grasping the object has to be placed m the 
infant’s hand, in voluntary grasping the infant can leacli (m the 
early stages mcipiently) for the object before lie takes it. In its 
early development voluntaiy closure greatly resembles reflex closure 
The object is held principally by the ulnar fingers. Later as the 
thumb and forefinger express themselves in digital manipulation 
no doubt exists concerning the fundamental nature of the action. 
Granted that the very earliest grasping responses are reflexes, before 
these responses are completely voluntary, there must of necessity 
come a time wherein the component movements which constitute 
the total response are in pait reflex and m part voluntary. It is 
at this stage that inability to distinguish the presence or absence 
of tile giasping reflex in individual cases is most apparent. 

Woocl-Joncs regards tlic hand as the “feeler*’ of the human organ¬ 
ism. With its wcaltli of cutaneous end-organs this distal portion 
of the upper limb is to man what the nose is to the dog Just how 
sensitive is the hand to toiicli in early infancy is a matter of con¬ 
jecture (12; 19), although Peterson and Ramey (37) say that th^ 
hand of tlie very young infant is ordin.anlv sensitive to liglit pressure 
stimulation with a camel’s hau brush. 

Our experiments show that infants of a few hours respond to 
light contact from a camel’s hair brush But the human hand also 
contains a wealth of proprioceptive end organs (19) which are of 
great importance to the individual in all forms of manual exercise 
If the reaction hypothesis, that all forms of human behavior are 
reactions to definite stimuli, holds, responses of the hand due to 
cutaneous stimulation of the palm should differ from responses 
which are the result of propiioccptive stimulation of the tendons 
and joints of the fingers. Similarly, proprioceptive responses from 
a weak and from a strong pull against the flexors of the fingers 
should be unlike, because "it is probable that all tension receptors 
are not affected simultaneously by a small pull, but tliat increase 
of pull adds to the number of end-organs involved—'recruitment' 
at the periphery" (9, p 47) 

In an earlier paper (21) certain difficulties in the study of the 
early grasping response are noted TJie total response pattern 
commonly consists of a two phase nctivitv, i.e , closure which is 
the larger movement of flexion of the fingers toward the palm and 
gripping m which the fingers press firmly against the palm In 
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Simple closure the fingers flex until they come to rest near or 
against the object within the palm If gripping follows, the object 
IS held with a force out of proportion with that required for merely 
holding the object These two phases of the grasping response are 
often qualitatively discontinuous and are frequently separated by 
a definite time interval. Closure is probably the response to cutaneous 
stimulation of the palm Gripping is the proprioceptive response to 
strain imposed on the flexor tendons of the fingers. 

DrSAPPEARANCB OF THE GrASPING RefLBX 

Most writers assume that the grasping reflex disappears within 
the first half yeai of life (53, 38, 23, 27, 10, 1). Usually four 
months is given as the time of disappearance. What are the criteria 
by which the presence or absence of the reflex is determined? The 
grasping reflex is regarded by many writers as having disappeared 
if the infant no longer responds by closing the fingers rcflexly upon 
stimulation of the palm- The method of placing a rod or finger 
within the palm of the infant is commonly employed in eliciting the 
reflex. If the infatjt clasps the Inserted rod or finger, the reflex 
IS present; if no closure takes place, the response is absent. The cri¬ 
terion used by Watson (53) is clinging If the infant clings to a 
rod placed in his hand the grasping reflex is present The absence 
of this proprioceptive response signifies that the reflex has given 
way to the habit of manipulation Richter (40) employs this tccli- 
nique with monkeys He not only finds a marked variation in the 
strength of clinging in day by day tests but discovers that the 
reflex is not as strong at birth as at a later period, ic, 15 to 38 
davs. The data of disappearance for five monkeys varies from 41 
days to more than 83 days For some investigators the presence of 
established voluntary movements of the arm signals the disappear¬ 
ance of the grasping reflex Darwin (10) notes that at 114 days 
the infant not merely grasps his father’s finger but manipulates his 
(the infant's) hand so as Co bring the parent’s finger into a favorable 
position for sucking. Givler (18) states that the reflex undergoes 
modifications until the child can do an infinite number of things 
with his hands, For Watson (53) reaching for an object is coin¬ 
cidental with the disappearance of the grasping reflex. On the other 
hand Sherman and Sherman (46) find that voluntary movements 
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toward the chm (a preferential direction) reach a fair degree of 
accuracy very early in life, whereas Krynine (29) finds incipient 
leaching movetnents at 12 weeks in infants who still strongly mani¬ 
fest the grasping reflex Watson (53) and Wagoner (51) report 
that the grasping icflcx persists for a longer tunc in defectives than 
in normal children. Lashley and Watson (30) note that a young 
monkey of one week of age reaches for an object and the movement 
is moic precise in the second week The indications arc that the 
giasping leflcx is still piesent Richter’s (40) monkeys probably 
had well developed reaching movements before this reflex disappeared 

Thus it is likely that the grasping reflex functions even after 
voluntary movements are well advanced Bernfcld (3) expresses 
the view that this reflex, while more or less dormant, is present 
throughout life Infants over six months of age often display 
grasping which has all the ear marks of a reflex response Some¬ 
times pcisistent efforts at palmar stimulation are required to elicit 
reflex grasping in young infants. Persistence witli older infants also 
brings about a similar grasping response In passing, the assumption 
that the reflex is gone at six months probably influences investiga¬ 
tions, The experimenter in attempting to evoke reflex grasping in 
infants older than six months does not persist in his efforts as he 
does with younger infants. If the younger infant does not respond 
at once to the customary stimulation, the experimenter, knowing tlic 
reflex must be present, continues his efforts until some form of 
grasping occuis; whereas continued persistence with the older in¬ 
fants may also eventually call foith the response. When under these 
conditions, grasping does occur, is it a reflex or voluntaiy activity? 
On the othei hand, if the response under discussion is a reflex, 
probably ft should in anv case occur readily under similar condi¬ 
tions of stimulation. However, expeiimentation shows that the 
giaspmg reflex is not invariably present even in very young infants 
Conditions whicli may determine its absence or dormancy at times 
will be discussed in a later portion of this paper. 

Records show that many infants over six months of age will 
cling with both hands to a lod oi narse’s fingers witli sufficient 
strength to support theii own weight for several seconds If this 
clinging IS a true mani/estation of the grasping reflex, then the 
reflex is present long after voluntary arm and hand movements are 
well established Jacobsen, Jacobsen and Yoshioko (25) find that 
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the baby chimpanzee shows no apparent diminution of gripping 
strength in clinging throughout the duration (52 weeks) of their 
study of Alpha. Now clinging during the second half of the first 
year of life may not be a reflex activity for the human infant. The 
human infant is not required to cling, to hang on. He is so well 
cared for that he is given no opportunity for the exercise of this 
reflex activity. In time this lack of exercise piobably accounts for 
Its early disappearance The question may be raised What result 
would the piactice of this function have on its retention? 

Strpngtii and Tenacity of the Clinging Response 

Investigators are at variance concerning the strength and tenacity 
of the grasping reflex, Robinson (41) reports that at 4 days nearly 
all of 60 infants sustain their own weights for 30 seconds Most of 
Watson’s (53) infants support their full weight with either right 
or left hand for periods ranging from a fraction of a second to 
more than a minute. The fraction of a second probably means that 
that amount of time was required for slipping off the rod and was 
not thcrefoie actual giasping time This statement is made in the 
light of the present investigation Pratt (38) records that a human 
infant may sustain his iveight for 2-J<^ minutes. Blanton (4) sets 
the time of suspension at from 1 to 42 seconds while Chaney and 
McGraw (8) find that the range for time of suspension is 1 to 
39 seconds 

A number of investigators (6, 35, 28, 27) modestly report that 
some infants can support their own weights and that the other 
infants support only the shoulders or the head and shoulders when 
they arc raised from a platform Sheiman, Sherman, and Flory 
(47) find that approximately 10 per cent of infants up to 15 days 
of age support their weights by either hand and that the left hand 
IS slightly superior to the right in clinging strength, Peterson and 
Rainey (37) state that some Infants hang on strongly enough with 
both hands to lift head and shoulders. Valentine and Wagner (50) 
find that no infant can support its weight with one hand In sum¬ 
mary then, the strength of the grasping reflex varies from raising the 
'ilioulder to supporting the body, the duration of grip in support 
of body varies from a fraction of a second to 2-5^ minutes In con¬ 
trast to this a chimpanzee sustains its weight hy one hand for 
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more than I minute (25) and a monkey similarly supports its 
weight for 33 minutes (40) 

Period of Maximum Strength 

Is there a period in the early life of the individual when the 
grasping reflex attains or at least exhibits maximum strength? Is 
the reflex strongest at berth, does it wax in strength and then 
gradually wane, is it periodically strong and weak, depending upon 
the time of day or upon internal conditions of fatigue, nutrition, 
illness and the like? The gencial belief has been that the reflex 
appeals in its greatest strength at birth or soon after biith and then 
diminishes in vigor as voluntary movements begin. Robinson (41) 
states that the grasping reflex is stronger at 4 days than at earlier 
periods. Blanton (4) finds the reflex less pronounced at birth than 
at later periods. In two subjects the reflex is much stronger at 23 
days and 52 days than at birth, Bryan (6) reports a weakening of 
the reflex after the first day or two after wliich the response appears 
at full strength. She adds that the reflex is not always evidenced 
by her infants. Chaney and McGraw (8) discover that the older 
babies, I to 10 days of age, exhibit gieatcr reflex strength than 
the partunates who are but a few minutes old The suspended 
grasping times foi the two groups are 8 36 seconds and 5.1 seconds 
respectively. Peterson and Ramey (37) state that some children 
react on one day and not on another day. In addition, children will 
react at one time and not at another on tiic same day. Sherman, 
Sherman, and Floiy (47) find that for 17 infants the reflex appeared 
to diminish in strength at about 8 weeks Richter (40) finds marked 
variation in the strength of the reflex m monkeys in clav by day 
trials. The response is picscnt at birth and reaches maximum 
strength at from 15 days to 38 days. It is apparent that wlicrcas 
no definite time can be set for the period at which the grasping 
reflex attains or exhibits its gieatest strength, this period probably 
IS several days after birth and vanes for individual infants. 

Othei peculiarities of the grasping leflex appear Infants usually 
prefer fingers to rods. They grasp yielding objects diffejently than 
rigid objects One of Blanton’s (4) babies, in whom life is almost 
extinct, clings strongly to a rod at 10 days. Another b.aby, dying 
of malnutrition at 5 weeks, supports her entire weight The reflex 
sometimes operates during sleep and does not always operate during 
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the waking period (50). The present investigation substantiates 
these facts. Some cliildien extend the fingeis (Babinski-hke) and 
some give no overt lesponse to tactual stimulation of the palm (37) 
Mumford (35) finds that infants apparently grasp haider with the 
ulnar than with the radial fingers—a view which the writer has 
long maintained (20) 

Inconsistencies in the strength of the grasping reflex reported bv 
investigators are due to some extent to differences in tlie size and 
probably the form of the object used in eliciting this response 
Watson (53) uses a rod of tlie thickness of a pencil Blanton (4) 
uses a rod about )/[ inch diameter Robinson (41) uses his finger 
at times and at other times a stick about ^ inch thick Valentine 
and Wagoner (50) have theii infants giip the handle of a special 
dynamometer Bryan (6) uses the thumb while the Sliermans and 
Flory (47) use a rod 3/16 of an inch in diameter. With a variety 
of objects such as the above, for detcimming the strength of the 
grasping reflex, large differences in results may be expected. The 
present investigation is in part planned to determine what effect 
the diameter of the rod has on the strength of the clinging response 
A second investigation shows the relation between finger length and 
strength of this response. 

Other factors which probably influence the strength of reflex 
grasping are.' the state of activity of the child, emotional excitement, 
hunger, satiation, and desire for physical contact with persons or 
things 

A baby who is comfoitablv quiet often fads to exhibit any indi¬ 
cation of lefiex grasping under repeated stimulation of the palm. 
Even when the fingers are closed on the stimulating object by tlic 
experimenter, the baby often fails to maintain his grasp. On the 
other hand a physically active baby seldom fails to grasp an object 
presented against the palm The duration of the grasp may be 
long or short, An emotionally upset infant is not likelv to respond 
in any definite manner to palmar stimulation Withholding the 
bottle at feeding time will often cause crying and sometimes a ph^'si- 
cal upheaval which has all the ear marks of rage Palmar stimula¬ 
tion during this beh.avior may call forth convulsive flexion and ex¬ 
tension of the fingers, withdrawal, pushing away, or strong grasping, 
or combinations of these reactions Blanton (4) has difficulty in 
eliciting reflex grasping from a quiet baby but no trouble in obtaining 
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this response from an angry, crying baby Dennis (11) believes 
that crying increases the strength of the grasping reflex, a view 
which IS later corroboiated by Sherman, Sherman, and Floiy (47) 

The state of activity of an infant is often affected bv internal 
conditions such as pain, hunger, satiation and fatigue. Pain and 
hunger usually evoke, or arc accompanied by, crying and strong 
physical activity. Satiation, fatigue and sleepiness are usually marked 
by decreased activity. An infant who is fully fed or fatigued is 
likely to be quiet, if not actually sleepy. He does not readily re¬ 
spond by grasping objects placed against his palm Records of tests 
made on 11 infants under 16 weeks of age show that just before 
the feeding period all of the infants grasped a rod touched lightly 
to the palm and that immediately after feeding 5 of them grasped 
the rod, 3 closed lightly on it and 3 kept their fingers in relaxed 
extension. 

Johnson's (28) opinion is that hunger piobahly reinforces the 
strength of the grasping response Major (33) notes that his child 
gr.'isps more firmly during the nursing activity. Blanton (4) indi¬ 
cates that in general babies grip harder before and during the 
nursing period than after feeding. It is likely that peculiarities of 
the grasping reflex, such as its presence at one time, absence at an¬ 
other time, and variations in its strength, would be better under¬ 
stood, if records of the time of testing for the response and the 
time of feeding were available. The evidence is that physiological 
changes within the infant and changes in the external situation both 
account for these great variations m the functioning nf the early 
grasping response Investigations should aim to eliminate as far as 
possible the factors, i.e., illness, fatigue, satiation, sleepiness, etc., 
which arc known to preclude effectual elicitation of the response. 
Then the effects of each of these factors upon the response should 
be studied. 

This paper takes the position that grasping is an activity which 
is not confined to the hand There are times when infants grasp 
with the mouth and with the wrists (19), The feet and legs enter 
the piehensory picture and in fact the entire body at times con¬ 
centrates upon the object of grasp and attempts to close on it. Thus 
grasping bv the hands is part of a total dynamic corralling pattern 
wliich leads to closer contact of infant to object. Contact is un¬ 
questionably more or less associated with the acquisition of food 
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Oul lecoids show that for bieast-fed babies grasping (convulsive 
or sustained) is especially stiong just when the mother with the 
child in her arms is baring her breast for the feeding In this case 
the situation is a complex of contact, hunger, sucking, odor, taste, 
and probably warmth. In passing, attention is called to the fact 
that infants who have attained the age (about 16 weeks and older) 
wherein they are capable of distinguishing familiar people from 
strangers will cling to the former and often withdraw from the 
latter. Jacobsen (25) states that the desire for contact with its 
mother’s body may account for clinging m the chimpanzee 

From the evidence at hand (2, 6, 7, 37) no racial difterences are 
reported with respect to appearance, strength and disappearance of 
the grasping reflex. 

Investigators of the early grasping response have placed emphasis 
on Its leadiness and the strengtli of the “stictch” reflex of the fingers. 
They have entirely neglected the phenomenon of release Wlien an 
infant immediately flexes the fingers upon an object placed 
against his palm, the activity of closure is referred to as reflex 
grasping. When an infant supports his weight, m whole or in part, 
by hanging onto ^ rod by a hand, such holding is also referred to as 
reflex grasping. The fact that an infant cannot voluntarily extend 
the fingers to release an object in the hand has been entirely ignored 

At 24 to 28 weeks an infant can reach and grasp an object placed 
before him However, he can only with great difficulty release it 
Occasionally he pulls the object out of one hand with the other, 
but he cannot diop it. Finally a stage is reached when he can re¬ 
lease the object against a resisting surface Records (20) show that 
voluntary release makes it appearance between 36 and 48 weeks 
and is only well developed after the first year (14, 16) The main 
point of this discussion is that there is a stage in prehensoiy de¬ 
velopment during the second half of the first year when an infant 
can voluntarily flex the fingers but cannot freely extend them. The 
situation then is one in which the infant clings to the object because 
he cannot release it. A pull on the object serves only to tighten 
the grip A very strong pull may result m full suspension of tlie 
infant The inability to release accounts for the late disappearance 
of the early grasping response 
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Reflfx Grasping of Different Materials 

The purpose of the first experiment was to discover whether 
01 not babies giasp objects mdisciiminatcly. Probably there is prefer¬ 
ential grasping iii the case of certain substances, such as hair. Per¬ 
haps objects with rough surfaces evoke some form of rejection re¬ 
sponse. 

The expel imcnt consisted of pressing rods of different materials 
against the palm of the supine infant The rods, 10 cm long and 
<ibout 1 cm. in diamctei, were, smooth wood, rough wood, smooth 
iron, coarse metal sciew bolt, vciy soft rubber capsule, hair, and rod 
of nails. The last rod consisted of a wooden cylinder into winch 
weic driven in haphazard manner over its surface 100 yi inch ^20 
biads Tlic round heads of the brads piojcctcd about 3/16 of an 
inch out of the wood. All objects weie of lOom temperature 

When the hand was open tlie rod was pressed firmly against tlic 
volar aspect of the hand at any point between mid palm and finger 
tips When the iiand was closed the experimenter gently but firmly 
extended the fingeis and held them for about five seconds He 
then applied the rod against the palm, as in the instance of the open 
hand, and at the same time released the fingers In evoking grasping 
no attempt was made to contiol the position of the hand, pressure of 
the rod, or amount of stimulation The rod was released by the 
experimenter as soon as the fingeis flexed on it. The method of 
presentation of these rods should not be confused with light pressure 
stimulation In many instances the arm was m motion or began 
to move as the rod was presented Under these conditions it was 
impossible to maintain an unvarying pressure with the rod Inas¬ 
much as increase m activity and in picssurc both facilitate reflex 
giasping, (p 391) moic of these responses should occur in the picscnt 
expenment than m the expciiment witli light piessuie stimulation. 

Complete records of the manner of grasping the rods with left 
and right hands were made on infants ranging m age from birth 
to 24 weeks The records show that with the exception of the rod 
of nails infants giasjicd all lods in about the ’'ume inannei If the 
infant grasped one rod, he giasped all rods If he failed to grip 
one rod, he exhibited this disposition (failure) with respect to the 
other rods Outside of the fact that infants of 20 weeks or older 
were inclined to look at the rods before grasping them the only 
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difteiences noted weic conccined with the strength of the giip, 
Occasionally an infant giipped one object more firmly than he 
gripped another 

If, then, (omitting for the time the rod of nails) tlierc is no 
preferential graspmg, how do infants accept a proffered rod? A 
complete summary of tlie manner of acceptance of the smooth rod 
appears in Table 1. The age of the infants, the total number in 
each age group and the number who grasp in a given manner (listed 
at the top of the table) aie given Inasmuch as the distinction be¬ 
tween closure and gripping was discussed in the introduction all 
Items arc self-explanatory 

The results show that infants of the ages examined grasped objects 
lightly or firmly according to the method outlined above In about 
one-half of the cases the right and left hands grasped in like manner; 
in one-half tl)e cases one hand closed lightly and the other grasped 
firmly Exceptions to this rule appeared at 4, 12 and 24 weeks 
Later records show that some infants on the first day of life did 
not always grasp an object placed against the palm Other investi¬ 
gators (37) also report similar results Some infants did not hold 
obiects with a steady grip The fingers alternately loosened and 
tightened several times These movements were sometimes slow, 
sometimes fast, and sometimes clonic in character. 

The next step, exploratory in nature, wag to see what changes 
in firmness of grip occurred when the experimenter pulled upward 
on the gripped rod. The pull was tested m two waysi a very slow, 
steady pull and a quick jerk The slow pull preceded the jerky 
pull for half of the infants at each age. The order of pulling was 
reversed for the remaining infants. Table 2 shows subjective 


TABLE 2 

Intensity of Infant's Grip Against Upward Pull of Rod 

Age in weeks 

Renctions 0 4 8 12 16 20 24 


Tightens strongly 1 
Pulling slowly Tightens much 4 

on rod Tightens little 3 

No change 5 

Tightens strongly 3 
Pulling quickly Tightens much 4 

on rod Tightens little 2 

No change 4 
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9 

2 

2 

8 

3 
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3 
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2 
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4 2 

4 6 

4 5 

4 5 

3 3 

2 1 
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judgments of the strength of infants’ resistance to a pull on the 
rod. The pull was always directed against the terminal joints of 
the fingers. In gencralj the jerky pull evoked stronger gripping 
than did the slow pull At each age level there were from 2 to 
6 instances in which the slow pull failed to elicit any increase in 
giipping strength, wheieas jerky pulls only infiequently failed to 
elicit stronger grasping. In all cases wherein pulling failed to elicit 
an increase m strength of gripping, the grasp on the rod was loose 
The order of pulling did not affccl the results 

A further senes of tests with the smooth rod gave results which 
bear on tlie early giasping response. Placing the rod against the 
doisum of the closed fingers elicited infrequent opening of the hand 
by infants of 16, 20 and 24 weeks Pressing the rod transversely 
along the thciiar-hypothenar line of the closed hand gave rather 
indifferent results With the exception of new-born infants, opening 
of the hand occurred infrequently at all ages and, in some instances, 
was followed by closure on the rod Pressing the grasped rod 
strongly against the palm of the closed hand also evoked indifferent 
responses In most cases no change in hand posture occurred. Re¬ 
peated opening and closing of the fingers and loosening of the grip 
on the rod comprised the remainder of the responses. 

In contrast to leactions obtained from palmar stimulation by all 
other rods, explorations with the rod of nails gave sufficient evidence 
of differentiation of response to warrant further investigation. The 
expel iment consisted in stimulating the right palm of the infant fiist 
with the smooth rod, then with the rod of nails and then again 
with the smootli lod Repetition with the smooth rod seived only 
as a check on the results. Only infants who grasped the smooth 
rod were given the second rod The purpose of the experiment was 
two-fold: (/i) to investigate an infant’s capacity to discriminate 
between near-harmful and harmless stimuli, and (^) to observe 
the nature of attempts at avoidance of the neai-harmful stimulus 
Preliminary trials with adults indicated that forceful gripping of the 
rod of nails produced dull pain. The hands of infants who gripped 
the rod strongly showed no traces of skin abrasion 
It is just possible that to a ceitain extent the differences between 
reactions to the two rods might serve to differentiate reflex and 
voluntary grasping For example, any movement (of the hand of 
the infant) which is the direct result of stimulation by the rod of 
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nails and which in any way contributes to retardation or suspension 
of the normal course of action of the grasping reflex might con¬ 
ceivably be considered at least in part voluntary. If infants of tender 
age can even partially inhibit this eaily grasping reaction, a stimulus 
which produces discomfort or pain in the giasping member is most 
likely to elicit evidences of such control If an infant grasps the rod 
of nails tightly and continues this hold in spite of palpable mani¬ 
festations of discomfort, such as sudden, violent ciying, whereas in 
gripping the smooth lod no evidence of discomfort is observable, 
It is likely that the infant cannot inhibit the grasping act. If, how- 
evci, he can release the discomfoit-pioducing rod or relax his grip 
to the extent that the rod no longer annoys him, cither of these 
acts constitutes an inhibitory movement. 

Table 3 gives the comparative lesults of stimulating tlie right 
palms of infants from hnth to 24 weeks Reactions to the smooth 
rod and to the lod of nails aie listed in adjacent sections of the table. 
Infants are listed according to age There aie from 11 to 14 infants 
in each group. 

When a lod' is placed against the palm of a child, he may grip it, 
hold it faiily firmly, hold it loosely or witlulraw from it Only 
persistent withdrawals were iccorded. In addition he may, aftci 
taking the rod, release it, fret, cry, wave the arm, oi alternately 
extend and flex the fingers. Aftci the rod was giasped the experi- 
mcntei always pulled lightly on the rod to note the strength of 
the infant's hold. 

At all ages the infants accepted the smooth rod by giipping it 
hard, holding it more oi less firmly, or holding it loosely No 
emotional reactions occurred but movements of withdiawal some¬ 
times appeared before the rod was grasped Reactions to the rod of 
nails, however, contrasted strongly to leactions to the smooth rod 

Tlie number of children may be too few foi drawing definite 
conclusions from the results shown in Table 3 Comparison of the 
reactions indicates that a number of infants at each age differentiated 
the rod of nails from the smooth rod in no uncertain manner, and 
thereby demonstrated a degree of sensitivity beyond that of mere 
contact Tins difference was usually expressed in terms of dis¬ 
comfort, le, fretting, crying, withdrawing and waving tlie arm 
violently. At birth 9 of the 13 infants reacted differently to the 
two rods. The percentage of infants who so responded is too large 
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ter of chance It was noted that the older infants wcic 
er able to rid themselves of the rod of nails ojicc tliey 
it Freeing the liand of this rod in the jerky, abrupt 
cal of infants of less than six months is accomplished in a 
way than at 52 weeks (20) ; nevertheless, the rod left 
Reactions such as withdrawing, waving the arm and 
’hen compaicd with the moie or less commonplace le- 
he smooth rod, suggest the possibility of early initiation 
ted voluntaiy activities. Although movements of other 
2 body weic not recorded, they were observed to be in 
h the movements of the stimulated hand. Records of the 
4 infants of 28 weeks arc included m the tabic. 

FS TO Light Pressure Stimulation or the Palm 

palms of supine infants varving in age from birth to 
verc stimulated lightly hist with a camel’s hair brush 
ith a lod of balsa wood The stimulus was applied only 
hand was quiet without regard for its position The 
as moved gciitlv against mid palm with no more than 
■s and tlie responses noted Only nine infants were tested 
:cause at this age hands are seldom open enough for 
lulation Of these nine infants only four could be tested 
Isa rod witiiout at the same time prying up the fingers— 
e whicli probably would evoke the "stretcli reaction” 
us experiment was to be avoided. The results which arc 
Table 4 show that light prcssuie stitrmlution often evoked 
e in the hand, particularly during the first 16 weeks, 
eks witlidrawal movements appeared. They incre,iscd 
to 32 weeks However, responses of varying degrees of 
h as finger movements, partial and full closure, alternate 
i opening of the hand and gripping, did occur. Tlic 
withdrawal responses per age group was much greater 
’ceks than before this age. The number of gripping re¬ 
dined after 16 weeks and a sharp drop in closure move- 
irred after 20 weeks These facts are significant in that 
bly indicate the piesence of inhibition in finger closure, 
control of finger movements was further indicated by 
n behavior windi occurred at about 20 weeks ‘Previous 
vision played no part in grasping responses Now infants 



TABLE 4 

Responses to Light Pressure Stimulation of the Pai^ 
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began to reject objects winch could not be seen as they were 
presented.® Presentation of the stimulus became the signal for 
the infant to turn his head and regard the stimulus. In spite of 
precautions to prevent vision there were instances in which infants 
managed to see the stimulus as it was brought against the palm. 
(See Table 4 undei Closute and gtippmg,) It was also observed 
that after 16 weeks many of the movements listed under partial 
closure, finger movements and alternate flexion and extension were 
accompanied by withdiawing the hand from the stimulus In ad¬ 
dition thcie were certain behavioial fcatuies which served lo dis¬ 
tinguish closure from giipping. On light picssurc stimuhition with 
the brush, the fingers often closed to a point within inch of the 
palm and then, upon failure to contact the brush, went to extension 
This pioccss was often jepcated. Frequently the fingers flexed in 
large sweeping movements which cairicd the finger tips close to 
the wiist. Both of these reactions gave the impression of "feeling 
for" or reaching for the object (Sec Figure 5A). Closure in these 
instances occurred moie slowly than in the instance of tlic rods 
used in the previous experiment wherein no attempt was made to 
stimulate with light pressure, Extended testing with tlic brush 
showed that in at least 50 per cent of the grasping instances 
closure or partial closure (without gripping) was evoked by careful 
stroking of the palm, It was easier to evoke closure without 
gripping in infants who were passive or who had just been fed 
than in infants who were active or hungry. In this connection 
Peterson and Rainey (37) report that stimulation by a camel’s 
hair brush met with only indifferent success jn eliciting grasping 
responses. The results indicate that for about the first 16 weeks 
closure is almost wliolly re/lex in iiatuie and that after this 
age it gradually becomes voluntary. 

The effect of thickness of the stimulus object on grasping was 
tested by stimulating the palm of infants first with a cvlindiical 
balsa rod 1 cm. thick, and then with a balsa paddle only 2 mm 
thick. The results of this test on 47 infants varying in age from 


“It IS often difficult to distinguish re/lcx grasping from voluntary grasping 
in some infants at 16 to 2+ weeks At one^ time they will close immediately 
on an object placed against the palm At another time thev will close 
immediately on the object only when the object la within their range of 
vision 



392 


JOURNAL OF GENETIC PSYCHOLOGY 


TABLE S 

Comparative Responses to Light Pressure Stimulation of the Palm dy 
Balsa Rod and Paddle 


No of 
infants 

Stimulus 

No 

response 

Responses 
Alternate 
Closure ilexion & 
only extension 

Closure 
followed bv 
gripping 

47 

Balsa rod 
(diam I cm) 

8 

12 

S 

22 


Balsa pnddic 
(thickness, 2 mm) 

13 

23 

4 

7 


6 to 15 weeks are presented m Table 5. Tlie responses indicate 
that closure iicquently was followed by gripping when the 1 cm. 
lod was used and that closure without gripping occurred more fie^ 
quently than gripping when the paddle was the stimulator. Here 
again it was observed that in the case of the paddle the lingers 
of the stimulated hand first flexed until their tips were just short 
of the paddle which lay flat against the palm and then leturned 
to partial extension. In the instance of the 1 cm, rod tliis same 
amount of flexion carried the finger tips against the rod and grip¬ 
ping often followed. If the finger tips had reached the paddle, piob- 
ably gripping would have ensued. Probably the fingers upon palmar 
stimulation must find something to grip before they will exercise 
this function. In passing, it may be added that while infants may 
vary greatly in their responses from moment to moment, some of 
this variable behavior is undoubtedly the icsult of failuie on the 
part of the experimenter to control conditions under which stimuli 
arc presented, 
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Clinging Strength 

The apparatus used in measuring the clinging strength of a hand 
consisted of a spring balance scale from which was suspended a 
small stirrup with a giasptng rod of wood,® The balance scale read 
to 25 lbs, in lb. divisions. The grasping lod measuied 1 cm m 
diameter and 10 cm m length. A ridei was attached to the scale 
m such a manner that it operated with the pointer and registered 
the maximum pull after the spring was icieased. 

The spring balance scale was also used foi testing the clinging 
strength of both hands togethei. The small stirrup was replaced 
by a large brass stirrup The grasping surface which was covered 
tightly with cloth tape, was 1 cm in diameter and 25 cm m length. 

Selection of the rod was made only after careful study Inasmuch 
as there is sufficient evidence now at hand to believe that tlie clinging 
strength exhibited by infants depends largely on the diameter of the 
lod to which thev cling (^ee pp 430-434), it was finally decided that 
the diameter of the rod should be determined on the basis of finger 
length. The average length of the middle fingei of these infants fiom 
bn th to 24 weeks is 3 2 cm Thus infants can just comfortably flex the 
fingeis about a 1 cm. rod without digging or flattening the tips into 
the palm. 

The strength of the clinging response was obtained for each hand 
and for both hands together The order of testing was: right hand, 
left hand, both hands. A rest interval of two minutes separated tlie 
trials In all instances the experimenter first placed tlie stiirup in 
the palm of the supine infant and then drew the infant's hand upward 

•Accepted for publiration bv Arnold Geself of the Editorial Board, and 
received in the Editorial Office on March 24-, 1937 

•Shcffnan, Sherman, and Flory (47) used this type of apparatus, The rod 
to which the infant clung was much smaller in diameter than the one used 
in the present experiment 

''Anthropometric data on the length of hands and fingers will appear in a 
later paper 
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at arm’s length. Inasmuch as infants often flex the fingers over the 
thumb, uniformity of posture in holding the rod was obtained by hav¬ 
ing the thumb flexed against the dorsum of the forefinger. Before 
the infant was lifted, the experimenter made certain that the proximal 
interphalangcal joints of the three longest fingers were directly 
above the rod. The stirrup was pulled slowly and steadily upward 
until the grip was broken. An assistant gave her entire attention to 
protection of the infant from falling. No infant was permitted to 
support Ills entire weight with one hand for more than 10 seconds 
in any experiment 

The experiment was conducted between feeding periods on wide¬ 
awake infants At least two hours elapsed after the feeding period 
before an infant was tested. The work was concluded a half-hour 
before the next feeding period Crying infants were rejected. 

Table 6 shows the mean strength of the clinging response accord¬ 
ing to age and sex Age, sex and number of infants in each group are 
indicated at the left of the table The mean weight of infants per 
group IS stated In grams. Mean clinging strength is shown for right, 
left, and both liands, first in number of grams of weight supported 
and second in terms of per cent of body weight supported The num¬ 
ber of infants who supported their entire weight is indicated in the 
extreme right hand column The measures on per cent of body mass 
supported are of as great value as the number of grams supported 
in comparing clinging strengths of the successive age groups because, 
while information of the actual clinging strength of the infant is 
important, the relation of the stiength of this response to the body 
weight (size) of the infant carries greater significance in view of 
the fact that the amount of weight supported before the critical point 
in body suspension is reached operates to the advantage of the larger 
infant (see p. 398) 

I f the arm of the infant is not m extension when the pull on the 
stirrup is initiated almost any response may be expected from 0 to 
maximum stiength With full arm extension the clinging response 
seldom fails to function, and as the strength of this response is always 
obtained by experimenters under conditions of arm extension there 
is no good reason why the expeiimciit should not be so initiated 
(Sec Figure 5 C and D) In other ivords, install at once, as closely 
as possible, the situation as it is at the time the record is taken, instead 
of progressing through the several stages of arm extension, each 
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stage oi which shows a gradual increase in the strength of the grasp 
or some other variation m its strength or posture. 

Inasmuch as all records of weight and strength were in pounds 
and ounces avoirdupois, per cent of body mass supported was com¬ 
puted from these records before they were converted into grams 
Females outnumbeied the males at all ages, because of the scarcity 
of boy babies at the institution at the time of the experiment. 

According to Table 6 and Figure I the mean, strength of the 



Mean Strength (gs ) or Bilaterai. and Unilateral Clinging Responses 
According to Ace 

bilateral clinging response increased from 2836 g. at birth to 5026 g. 
at 24 weeks after which there was a vciy rapid decline in the strength 
of the response The mean strength of this response for the right 
hand increased from 1952 g. at birth to 2544 g, at 8 weeks, diminished 
to 2100 g. at 12 weeks and then increased again until at 24 weeks it 
attained 2827 g. The clinging strength of the left hand at the dif¬ 
ferent age levels closely approximated that of the right hand. How¬ 
ever, the left hand in general showed greater strength throughout 
(Table 7) and attained its maximum strength at 20 weeks. 

If now the strength of the clinging response is considered in terms 
of the per cent of body weight supported in bilateral clinging 
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TABLE 7 


Age 

No 

nfants 

No times clinging strength is greater for 
Right hand Left hand 

Clinging strength 
for 

both hands equal 

0-7 Days 

15 

10 

6 

3 

4 Weeks 

13 

5 

7 


8 " 

12 

4 

7 


12 “ 

12 

3 

7 

2 

16 " 

13 

6 

6 


20 *' 

14 

3 

11 

0 

24 " 

14 

6 

7 


Total 

97 

37 

51 

9 



Mean Strength of Bilateral and Unilatkial Clinging Responses im 
Per Cent of Body Wfight Supported 

(Table 6 and Figure 2) infants from birth to 12 weeks supported 
more of their weight (83 4% to 86.7%) than did older infants. 
On the whole, infants up to 24 weeks supported more than 70 per 
cent of their weight with both hands Up to 8 weeks the right hand 
alone supported more than one-half the body weight, and from 12 to 
24 weeks more than 40 per cent of it. The left hand generally was 
somewhat superior to the right in this respect. In all instances dimin¬ 
ution m the strength of the response occurred rapidly after 24 weeks 
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From 28 weeks to 52 weeks some infants failed to react by clinging, 
others showed -vestiges of the response, while a few showed the 
responses to a marked degree at 36 and 44 weeks Only one infant 
at 52 weeks gave indication of the piesence of the response, a weak 
cling of 605 gs with the right hand. 

The full strength of the response for infants -who succeeded in 
supporting their weight was not determined. It was evident that 
some of them could have supported considerably more weight than 
tlieir own mass. Hence the mean strength recoided for each age 
group, wlierein one or more mfant> supported themselves, must be 
vnteipretcd as less than the actual mean strength. When the strength 
of tlic bilateral clinging response was. considered with respect to the 
number of grams lifted, Figuie 1 shows that up to 24 weeks the older 
infants wcic supeiior to the younger ones However, in view of the 
above statement that the full stiength of infants is not known, it is 
clear that when two infants, one large and the other small, have 
equal clinging strengths, greater than that required to sustain the 
weight ot the larger infant, then under the conditions of the experi¬ 
ment the larger infant, as far as the record goes, will show to better 
advantage simply because his body mass more nearly approximates 
his clinging stiength It seems probable therefore tliat this advan¬ 
tage in strength by tlie older infants is more apparent than real 

Another advantage for the older infant is that a greater weight 
is thrown on tlie stirrup before any outstanding change occurs in the 
posture of the clinging infant The most critical period in support 
by clinging is the point when the shift in support of the greater 
portion of the body mass passes from tlie platform to the hands. As 
an infant is slowly lifted fiom the horizontal toward the vertical 
plane, the shoulders, head, buttocks and finally the feet leave the 
platfoim. Now an infant can be raised to the point wheie only but¬ 
tocks and feet are on the platform without unduly disturbing him, 
whereas clearing the buttocks and feet from the platform not only 
greatly affects body postiiie but also introduces sway. The amount 
of body weight to be lifted in order to biing the infant to the point 
where the buttocks and feet still remain on the platform is greater 
for the older than for the younger infant and therefore leflects 
to the advantage of the older infant. In clinging by one or both 
hands breaking of the grasp usually occurs between the time when the 
buttocks arc beginning to rise and the time at which they clear the 
platform. 
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With the older infants enjoying these advantages it is reasonable 
to assume that per cent of body mass supported is a better measure 
of the comparative strength of the clinging response at successive 
age intervals than is actual weight supported. 

Bilateral support of the entire body weight occurred more fre¬ 
quently from birth to 12 weeks than at later pciiods During the 
first week of life 32 per cent of the infants supported themselves in 
clinging At foul weeks the number who fully supported themselves 
was 46 per cent, at eight weeks 42 per cent, at 12 weeks 25 per cent, 
at 16 weeks 8 per cent, at 20 and at 24 weeks 21 per cent, at 28-36 
weeks 19 pei cent, and at 44-52 weeks 0 per cent Of the 5 infants 
in the 28-36 weeks group who supported their full weight 3 were 
28 weeks of age, 1 was 32 weeks of age and 1 iv.as 36 weeks of age. 
Neither the manner of acceptance of the rod nor tlic nature of the 
clinging differed from tliat of the very young infants. It is not 
exactly astonisliing to find this response functioning at 36 weeks, when 
records (20) show that infants of this age experience difficultv in 
releasing small objects as pellets, l-inch cubes and balls which they 
voluntarily grasp. Tins fact only emphasizes the distinction between 
closure (flexing the fingers on objects) and tightening (stretch- 
reflex or resistance to Anger flexion). 

Of the 97 young infants (24 weeks or less) 27 were able to 
suppoit their own weights fiom the 1 cm. rod with both iiands. Of 
the 39 older infants 5 supported themselves Two infants supported 
their weights when clinging by one hand, one at 4 weeks by the right 
hand and one at 12 weeks by right and left hands in turn 

Advantage in clinging strength was pretty well divided between 
the sexes (Table 6 and Figure 3) In both unilateral and bilateral 
clinging the records for all 9 age groups show that the giils led the 
boys in 13 instances and that the boys led the girls in 14 instances 
Figure 4 presents graphically the strength of the response by the left 
hand of girls and boys Inasmuch as the curves for right and left 
hands are much alike, that of the right hand is omitted. It is noted 
(Table 6) that for the girls the left hand was the dominant hand at 
all stages except the youngest age group. Left hand dominancy m 
clinging strength for the boys appeared only at 12, 20 and 28 weeks 
Scarcity of records at each age argues against reliability of the results 
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FIGURE 3 

Mean Strenoih of Bilateral Ciingino Response in Per Cent of Body 
Weight Supported According to Sex 



Mean Strength of Unilateral Ciingino Response (Lett Hand) in 
Per Cent of Body Weight Supported According to Sex 
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TABLE 8 

Ranch ok Strenoth or Clinging Responsp According to Ace 





CliiiEine Sciength (Grains) 

% 

Weight Suslaincd 


Sex 

Weight 

R Hand 

LHnnd 

Both Haiuh 

R Hand 

L Hand 

Both Hands 


F 

2335 

1351 

1247 

1928 

37 

31 

51 


4224 

3402 

2948 

4224 

81 

78 

100 


M 

2363 

1134 

794 

1588 

33 

23 

42 


39i0 

3402 

3402 

3510 

87 

87 

100 


B 

2S35 

1134 

794 

1588 

33 

23 

42 


4224 

3402 

3402 

4224 

87 

87 

lOO 


F 

3317 

1538 

1701 

2508 

39 

45 

65 



5215 

3742 

4195 

5215 

100 

89 

100 


M 

3402 

1474 

1247 

2195 

32 

27 

34 


4734 

3175 

3742 

4734 

86 

79 

lOQ 


R 

3317 

1474 

1247 

2495 

33 

27 



5215 

3742 

4195 

5215 

100 

39 

100 


F 

3771 

1701 

1701 

2195 

35 

36 

53 



4990 

3175 

4195 

4479 

81 

54 

100 


M 

4355 

2258 

2495 

37+2 

45 

51 

76 

Weeks 

5528 

4309 

4196 

5328 

78 

76 


B 

3771 

1701 

1701 

2495 

33 

35 

S3 


5528 

4309 

4195 

5528 

Bl 

94 

100 



3535 

907 

1021 

3033 

18 

15 

62 



5209 

5131 

5131 

6209 

100 

100 

lOO 


M 

4355 

1134 

1814 

3175 

20 

32 

37 

Weeks 

5613 

3239 

3515 

435S 

75 

81 


B 

3585 

907 

1021 

3052 

18 

16 

57 


5209 

5151 

5131 

3200 

100 

100 

lOO 


F 

3997 

1701 

1338 

2833 

30 

31 

67 



6209 

3959 

4423 

3783 

54 

77 

100 

Wwks 

M 

4753 

5312 

1928 

3402 

1021 

3515 

2041 

4336 

40 

33 

21 

68 

43 

88 


B 

3997 

1701 

1021 

2041 

40 

21 

4) 


5209 

5959 

4423 

5783 

64 

77 

100 


F 

4951 

1351 

3151 

2495 

22 

27 

45 


5407 

5897 

4876 

6094 

97 

84 


Weeks 

M 

5557 

5057 

2041 

3402 

2835 

3855 

3402 

6067 

34 

51 

50 

54 

100 


R 

4961 

1361 

1361 

2495 

22 

27 



5407 

5897 

4076 

5091 

97 

84 





1588 

1474 

1814 

31 

23 




6577 

2722 

2948 

6152 

47 

74 


Weeks 

M 

5209 

1928 

6464 

1134 

5570 

3742 

7513 

28 

86 

15 

75 

100 



5783 

1588 

1134 

1814 

28 

15 



F 

7513 

5812 

8108 

6464 

0 

3856 

5570 

0 

5330 

7513 

U 

7569 

86 

0 

62 

75 

0 

81 

n 

100 

Weeks 

M 

6719 

7484 

0 

4196 

1588 

3959 

2835 

7080 

56 

S6 

lOO 

44-52 

Weeks 

n 

F 

M 

B 

5209 

8108 

7995 

9299 

3250 

10SS4 

7995 

1D584 

0 

4195 

0 

3402 

0 

2508 

0 

3402 

0 

3330 

0 

4535 

0 

2258 

0 

4536 

0 

7569 

0 

6124 

0 

2508 

0 

6124 

0 

62 

0 

39 

0 

29 

0 

39 

Bl 

0 

52 

0 

22 

0 

52 

100 

0 

70 

0 

30 

0 

70 
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for the boys However, when the total rccoids of tlie boys aic con- 
sideiecl without respect to age, left hand dommaiicy is indicated 

Table 8 presents the range of the weights of the infants by age 
groups It also shows the range of the strength of the clinging 
response for right, left, and both hands m grams and m per cent of 
body weight supported. The records indicate that although the 
strength of the clinging response varied conskleiably for each of the 
9 age groups, on the whole the range of the measuics was greatest 
for the older infants. 

Classification of infants over 24 weeks of age into two groups of 
28-36 weeks and 40-52 weeks respectively was a puiely aibitrary 
procedure Table 9 shows these older infants in their proper age 
groups. The number of infants in three of the groups is sufficiently 
great to give significance to the results which indicate a rapid weak¬ 
ening in the average strength of the early clinging response from 28 
to 32 weeks, followed thereafter by a gradual weakening The 
range of the measures shows that at all ages there were some infants 
who gave no clinging response. Table 10 shows the nature and 
frequency of negative responses to clinging. 


TABLE 10 

Nature of Nfgativb Responses to Cm'ncino 



28 

Age in weeks 

32 36 4+ 

S2 

No of infants in group 

12 

10 

5 

9 

3 

No of infants eschihiting no clinging response 
No. of infants failing to cling when rod is 

1 

2 

1 

2 

2 

applied to botli hands sitnultancously 

1 

5 

3 

6 

3 

No of infants failing to cling with 1 hand onlv 
No of infants failing to cling with either 

2 

3 

1 

0 

1 

right or left hand alone 

1 

2 

1 

3 

2 


Strength op the Cungihq Response in the Individual 

Fingers 

The apparatus consisted of a spring b.nlance scale of 2000 grams 
capacity with 25 gram divisions, from which suspended a cord loop 
For the stronger infants the scale used in the previous experiment 
was called into service These two balance scales had previously 
been checked for accuracy. The diameter of the cord was 3/16 of 
an inch, somewhat less than one-half the diameter of the grasping rod 
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of the stirrup previously used It seemed inadvisable to use a grasp¬ 
ing surface larger than the cord. An object of greater diameter not 
only forced the finger out of line -with the others but also slipped 
too easily from grasp The cord could be placed around a finger 
without interfering with flexion of the other fingers The procedure 
consisted in placing the loop aiound a finger exactly at the terminal 
joint, extending the arm vertically as in the preceding experiments, 
and then pulling the loop slowlv uDwaid in direct line with the fore¬ 
arm and metacarpals until the finger released the loop. A rider on 
the balance scale indicated the maximum amount of the resistance 
of the finger. 

Preliminary tests on determining the strength of the fingers in 



FIGURE 5 

(A) Finger closure in response to light pressure stimulation by IS weeks boy 
Note extension of terminal joints and .aloofness of foiefingei (B) Girl 
infant, 3 days old, lying laterally Both hands grip strongly (C) Boy, 
S weeks, grasping rod loosely before it h pulled (D) Same boy after 
rod is pulled upward. Note tightening of grip 
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clinging rendered considerable information on the manner in which 
the fingers yielded under strain. The posture of the entire hand on 
the stirrup was first observed. The loop was placed at different 
points along the finger to note the yielding of the joints under the 
pull. The direction of the pull with respect to the plane of the 
hand and the effect of the stiain upon the infant came under consid¬ 
eration For example, when the loop encircled the finger at the 
proximal interphalangeal joint a pull on the cord not only pinched 
the pad of the second phalanx but scraoed the finger in slipping. The 
finger yielded first at the metacarpo-phalangeal joint and then re¬ 
sisted until additional strain forced extension at the other joints 
The fact that the finger yielded twice indicated a change in leverage 
winch probably jarred the subject. Placing the cord midway of the 
second phalanx produced equally bad results. When the loop was 
placed midway of the terminal phalanx and always pulled in a line 
perpendicular to this phalanx, the proximal joints gave suddenly 
under the strain, leaving only the terminal joint flexed. Eventually 
the finger was pulled back instead of up, because the terminal joint 
did not give until the finger was pulled far back out of line with the 
metacarpals A pull on the terminal phalanx in line with the 
metacarpals caused the loop to slip off the finger The most satis¬ 
factory place for the loop was at the terminal joint because the two 
more pioximal joints yielded without disturbing the position of 
the loop. The pull can always be directed in the line of the fore¬ 
arm and metacarpals, which closely approximates the direction of ten¬ 
sion in clinging to a rod with one or both hands The thumb pre¬ 
sented a special problem. The pull on this digit was directed in a 
line corresponding to the line of its extension on opening 

Table 11 presents in gr.ims the mean strength of the individual 
fingers for each age group from biith to 24 weeks. The range of the 
measures fiom which each mean was obtained appears in the cell 
below that mean. Age, number of infants of each age, and fingers 
tested are mdic.ated The mean avera^ strength of each finger 
for all groups appears at the bottom of the table. 

According to this table tests of the strength of the clinging re¬ 
sponse in the individual fingers show that the middle finger offered 
the greatest resistance to extension ivith the ring finger a close 
second In fact, the ring finger on two occasions, right hand at 8 
weeks and left hand at 12 weeks, actually surpassed the middle 
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finger in clinging stiength. The forefinger was a pool third with 
the little finger and thumb following in order The middle and ring 
fingers resisted opening with a force so much greater than that ex- 
Jiibjted by the others that no one can doubt that these two fingcis 
play the major role m contributing to the stiength of the early cling¬ 
ing response of the hand. Figme 6 shows the mean average strength 



FIGURE 6 

Mcah Average Strength in Grams or Each Finger for ail Ace Groups 

of each finger for all age gioups The curves clearly indicate the 
superiority of the middle and ling fingers in clinging strength and 
show that of the corresponding fingers of the two hands, the left 
finger in each instance suipiisscd the light bv a slight innrgin 

Comparison of Tables 6 and 11 shows that the ratio of the cling¬ 
ing strength of the individual fmgeis tu that of the hand is. middle 
finger 47 per cent, ring finger 44 per cent, forefingci 30 per cent, 
little finger 27 5 pei cent, and thumb 22 5 per cent. Thus the 
middle and ring fingers each resist extension with a force almost 
oiie-half that of the hand, while the otlier fingers evert a foice M’hich 
IS about onc-fifth to onc-third of that of the hand However, this 
comparison is not cntiiclv justified because the clinging strength of 
the hand and individual fingers were obtained witli rods of different 
diameters 

What explanation may be given for the outstanding supenoritv 
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in clinging strength of the middle and ring fingers and for the rela¬ 
tively strong resistance to extension exhibited by the little finger. 

Judgments of strength are often based on size On this score 
the forefinger should exhibit a strength closely approximating that 
of the ring finger The short thick thumb probably should surpass 
all others in strength. The explanation must lie elsewhere It has 
already been pointed out (21) that the thumb and forefinger do not 
always lespond in refiex grasping with the three ulnar fingers. Re¬ 
sistance to extension bj' thumb and forefinger therefore will at times 
be strong and at other times weak or entirely absent. As a matter 
of fact this IS what the records show On the other hand, the three 
ulnar fingeis lend support to one another in opposing extension. 
Attempts to straighten one of these fingers is resisted not only by in¬ 
crease in strength of flexion by that finger but also by incieased ten¬ 
sion of the flexors of the other two fingers The flexor digitorum 
profundus is the muscle which contracts the terminal loints of the 
fingers. This muscle mass consists of three parts. One part, the 
flexor poUicis longus, arises from the radius in the proximity of the 
elbow and passes to the thumb, another arises from the interosseous 
membrane between the radius and ulna and extends into the fore¬ 
finger, while a third has its origin in the ulna The latter part dc- 
vides m the palm to send a branch to each of the three ulnar fingers. 
The anatomical .irrangcment of these divisions of the large flexor 
muscle explains in part the indejicndence of flexion of the thumb 
and forefinger and the lack of functional independence of the three 
ulnar fingers in closing and m resisting extension. It ib very prob¬ 
able that, by virtue of this close Anatomical connection between the 
terminal flexors of the three ulnar fingers, a “pull” which evokes the 
“stretch” reflex in one of the fingers also sets off the “stretch” reflex 
in the other fingers. 

Hand Pressure in Response to a Yielding Object 

The purpose of the experiment was to determine how the early 
grasping response functions when the stimulating object yields to 
pressure by the hand 

The apparatus was as follows. A small sensitive rubber capsule 
enclosed within a tight-fitting silk sack communicated hydrostatically 
With the water column of a vertical glass tube. The capsule re¬ 
sembled a hot water bottle and its inflated size was 4 5x1 8x1.5 cm 
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The silk sheatli prevented distention of the capsule beyond these 
dimensions. A thiclc-wallcd rubber tube, 34 *nch diameter, con¬ 
nected the capsule with the vertical glass tube The latter was 
fastened to a board which could be raised or lowered A paper 
scale back of the glass tube was calibiated to give pressure readings 
in 3 g. divisions. (All pressure leadings are in terms of gs per 
sq in )* TJic hcigiit of the watei column .above the infant’s hand in 
this case (31 cm.) was enough to cause a pressure of 200 gs. within 
the capsule Thus the infant had to overcome this initial picssure 
(pressure threshold) before any pressure clianges could be observed 
in the water column To calculate the total hand pressure 200 gs. 
must be added to the scale reading.s 

The infant lay on a 1-mch thick cloth pad on the table top. 
Undci the conditions of the experiment the infant’s arm was extended 
upward.® He was not permitted to grasp nnything When he was 
quiet the capsule was placed transversely ngainst mid-palm so that 
the tips of the fingers would (lex against the capsule When the hand 
was partially open the capsule was inserted without difficulty When 
the hand was closed the fingers were opened by the experimenter. 
No infant attempted to pull on the capsule in an effort to roisc 
himself, 

Experimentation required the presence of two persons, one ap¬ 
plied the capsule to the infant's hand, the other noted the pressure 
Records of hand pressuie covered a 10-second peiiod A few cincmn 
records were made of the movements of the water column. 

The picssure required foi complete collapse of the capsule amounted 
to only 339 grams. Only one infant deflated it and he immediately 
relaxed Ins grip. Grasping does not as a rule occur in a jerky or 
convulsive manner, and, although clonic finger movements occur 
infrequently duiing holding, the act of grasping resembles more a 
tonic muscular contraction. 

The manner in which young infants compress a yielding obj’ect 
vanes somewhat with the individual and is probably not a function of 
age at this stage of life. There is, of course, an initial pressure when 
the fingers first close on the capsule This is usually followed by 
holding which consists of one or more successive adjustment pressures. 


•These unorthodo’c pressure readings may be converted into cm HjO by 
dividing by 6 46 

^Inasmuch as postural changes of the arms and trunk probably affect the 
strength of the grasping response, the nrm of the supine infant In all in¬ 
stances was broui^hl to this position 
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Table 12 presents six captions indicating tlie manner in whicli in¬ 
fants take and hold the capsule. The pattern of pressure for both 
hands is shown in their respective columns under the captions 
R (right) and L (left). 

In eight instances infants closed forcefully on the capsule with 
a pressure of more than 50 gs. above the threshold and maintained 
a firm grip tluoiighout In 34 instances strong initial pressure 
(above 50 gs ) was followed by gradual diminution of pressure. In 
42 instances strong initial pressure was followed by fluctuating 
piessure. Weak initia! pressure (below 50 gs ) was succeeded by 
continued weak pressure in 36 instances, and by fluctuations of press¬ 
ure in 59 instances, and by continued strong pressure m only one 
instance In summary, weak or strong initial piessures were suc¬ 
ceeded in most cases by fluctuations of pressure and frequently by 
constant weak pressure There weic few instances of continued 
strong pressure 

No manifest differences in pressure lesponscs of infants of the 
several age groups appeared and no clear cut distinctions could be 
drawn between types of pressure by right ami left hands 

Table 13 shows the distribution of initial pressures by both 

TABLE 13 

DiSTRlDUTlON OF INITIAL PaeSSURCS BY AOB GROUPS UNDER THREE ClAfiSlFICA- 


TiciNs, JJliow 40, 40-80 Grams, and Above 80 Grams 
Both riaht and left hand pressures are included, 


Age m 
weeks No 

of infants 

Amount of 
0-40 Gs 

initial pressuie 
40-80 Gs 

above threshold 
Above 80 Ga 

0 

13 

13 

12 

1 

4 

13 

7 

16 

3 

8 

12 

11 

11 

2 

IZ 

n 

7 

10 

5 

16 

10 

4 

12 

4 

20 

14 

17 

5 

6 

24 

12 

16 

7 

1 

28 

5 

5 

3 

2 

All ages 

90 

80 

76 

24 


hands of infants fiom biilh to 24 weeks. Five cases at 28 weeks aie 
included in the table Three pressure levels arc indicated, low, 
0-40 gs, high, 40-80 gs., and unusually high, above 80 gs 

In goneial, high initial piessures predominated from biith to 16 
weeks After 16 weeks low pressures prevailed. These results may 
be accidental or they may indicate an inhibitory adjustnnent m 
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amount of hand pressure to weight or resistance of the prehended 
object (9, p 130). The records also indicate that in ^ of the 
cases strong or weak pressure by one hand was followed by a cor^ 
respondmgly strong or weak pressure by the other hand. 

Peculiarities of grasping the capsule occurred. In many cases the 
capsule was grasped immediately, in many cases it lay against the 
palm for a time before the fingers closed on it. Grasping with 
strong piessure, as well as grasping with little pressure, took place 
under conditions of immediate or delayed response. In several in¬ 
stances initial grasping was of a 2-level type, le, light pressure 
followed immediately by strong pressure 

Aftci grasping the capsule the infants held it in diverse ways, 
Table 14 presents a classification of the inannei of holding in terms 
of successive pressure ranges. There were two instances in which 
infants gradually relaxed then grip until the pressure reached the 
zero point. At each age there were infants who maintained a 
steady pressure (of less than 15 gs. fluctuation) on the capsule. 
Marked fluctuations in ptessure, however, predominated. Sometimes 
the fluctuations were so irregular with respect to time and amount 
that further classification was not warranted On the othei hand, 
for many grasps, a succession of two or more definite pressure 
plateaus appeared These successive plateaus indicate that an infant 
maintained a more or less constant pressure on the capsule for a 
time and tlien readjusted his pressure to approximate a different 
level. In this way from 2 to 6 well defined levels frequently appear 
during a single hold Table 14 lists the number of levels which 
were found and the frequency with which they occurred foi the 
difterent age groups. No significant corielation between holding 
prcssuie and age is apparent. Hand dominance in pressure is not 
indicated 

In summary, infants may grasp a solid rod lightly or with great 
force In the latter instance the resistance offered by the rod to 
the flexor tendons of the hand, besides being constant is sufficient 
to evoke the proprioceptive reflex. In grasping a yielding object 
the situation is one in which the "give” and '‘check” of the capsule 
sets up a rivalry between the physiological forces of contraction and 
extension The result is an alternate tightening and relaxing of 
the grip until some more or less permanent adjustment of hand 
pressure to capsule is establbhed. 
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Finggr Pressure in Response to a Yielding Object 

Tlie foregoing experiment was repeated on the individual fingers 
because observations on the early grasping response show that the 
fingers do not close with equal force (21, 35) upon the stimulating 
object 

The apparatus was essentially the same as that used m determin¬ 
ing hand pressuie. A small cylindrical-shaped lubber capsule, 6 cm 
long and 8mm in diametei, replaced the hand capsule. This second 
capsule, also silk sheathed, lay in a semi-cylindrical, copper trough 
so tliat when it was inserted longitudinally into the palm only the 
finger whose pressure was to he determined could press against the 
capsule. The adjacent fingers in closing flexed past the sides of 
the trough. The diametei of the capsule was slightly greater than 
the diameter of the largest finger tip of any infant 

The capsule was presented so that tlie finger when flexed lay 
in line with the capsule In all otlier respects the procedure was 
the same as in the preceding experiment The order of presentation 
was foreflnger, middle fingetj ring finger, little finger, and thumb 
If a finger failed to respond to stimulation (touching the capsule to 
the palm), the experiment pioceedcd with the next finger in order 
until all fingers had been tested The non-icspondmg finger, usually 
the thumb or forefinger, was then given a second and, in some 
Instances, a third testing Pressures were recorded over a S-second 
interval Figures shown in the table were taken wlien pressure 
was steady If the pressure gradually diminished, the highest pres¬ 
sure was recorded in the tabic. I'he pressure threshold again was 
200 gs., hence this amount must be added to the scale readings to 
obtain the total finger pressure 

In Table 15 aveiages for the age groups show that the middle 
and ring fingers surpassed the other with respect to amount of pres¬ 
sure exerted. (The middle finger was slightly superior in this 
regard.) Next in line came the forefinger and little finger, and 
finally the thumb. Potentially tlie thumb may be the stiongest digit, 
but It functions with great uncertainty in eaily grasping. Similarly 
the forefinger should outpress the little finger, but, inasmuch as this 
reflex response is principally a function of the ulnar fingers, the 
results are actually in harmony with predictions (21, 35). Com¬ 
parison of pressures for corresponding fingers of right and left hands 
shows a right hand dominance for the 3 ulnar fingers The fore- 



TABLE 15 

Average and Range of Finger Pressure for the Individual Fingers* of Right and Left Hands in Grams above 
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fingers aie evenly matched, Yvhilc the left thumb apparently functions 
sliglitlv’ strongei than the right thumb. Tabic 15 indicates that, 
as in the case of liand pressure, there is some evidence of inhibitoiy 
adjustment of muscular contraction in tlie early giasping icsponsc 
after 16 weeks 

On nranv occasions the thumb and foicfingei failed to close On 
othci occasions fingeis closed so lightly on the capsule that no pie-.- 
surc was icgistcied The number of times that the individual 
fingeis of both hands failed to legistei piessuie was as follows, 
thumb 45, forefinger 17, little fingci 16, middle fingci 1, and 
ring finger 1 

The thumb and foiefingcr showed a definite aloofness fioin the 
other fingeis (20, 21) In the case of the little finger failure to 
press was generally due to weakness of closuic Thumb and foic- 
finger frcquentlv lequircd a second oi thiid presentation of the 
stimulus for closuie The middle, iing, and little fingers seldom 
required icpetitional presentation 

Fingisr PressurI' (n Response to Objects Which Yield to 
Varying Decrbps or Pressure 

The preceding cxpeiiment was repeated at five successive piessuic 
levels langiiig fiom 100 to 1600 grams in geometiical piogiession 
series. Eight age gjoups of five infants each, examined at intervals 
of 4 weeks from birth to 2S weeks, served as subjects. The thumb 
was omitted in tins study, because of functional difficulties. In the 
first place its, location and diicction of Hexion (at right angles to 
closure by the other fingers) arc such as to cause the forefinger 
and middle finger to intcrfeic with its closure. Secondly, its pos- 
tuial vari.ibility makes deteiminations of pressure by this digit of 
doubtful value 

Table 16 shows the average pressure of each finger toi all age 


”The expo iineiitei was often forced to wait for the forefinger and 
ihumb to respond, At tunes these hngera flexed slowly to contact the 
capsule and then stopped. Subsequent trials sometimes evoked a lesponse 
strong enough to register pressure In any event the statement which 
best covers the situation is that these hngera may be depended upon to 
give reactions to palmar stimulation which vary from negative lesponsea 
to strong gripping In passing it should be stated that although the early 
grasping response is still operative for the first 6 months of life, many of the 
infants at 20 and 24 weeks actually reach for the capsule at its presentation 
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TABLE 16 

Showing THt AVbRAGP Prpssurb adovb tiif Thresuoid Llvh oi- Ealh 
Finger for Ail Ekjht Agc Grolps Comihneo at' Lvcii 
or THE Five Pressure Thresholds 


Pressure tliieshold Fingers of right hand Fingeis of left hand 

(Grams) 2 3 4 5 2 3 4 5 


100 

8 1 

Its 

10 5 

7.8 

8.6 

11 3 

10.4 

6 9 

200 

8.3 

10 8 

104 

70 

7 3 

9 s 

10 0 

4 8 

400 

56 

98 

79 

49 

6 7 

10 4 

8 5 

3 7 

800 

78 

11 3 

106 

64 

74 

9,8 

S 

43 

1600 

1 4 

27 

18 

04 

1 

29 

2 3 

04 

groups combined 

at each of the five 

ptcssuic 

thresholds 

Indiv 

idual 


fingers of both Iiaiids are designated at the top of the table. Piessurc 
thresholds aie shown at the left, and fingei picssuies in the icniam- 
ing cells of the table. 

As in the previous experiment pressure was lecoided in 3'gram 
steps However, an exception to this lulc was made at the highest 
pressure threshold which approximates the upper limit of prcssuie 
for the fingeis At this level certain infants piesscd stiongly enough 
to effect a slight rise in the watci culumn but not enough to raise 
it to a point 3 giams above the prcssuie level of 1600 grams In 
such instances a picssurc of 1 gram was recorded 

At pressure thiesliolds 100, 200, 400 and 800 grams, the figures 
in the table indicate the pressure maintained by the fingets after 
the initial adjustment to the capsule. At the 160D-gram threshold 
only one infant was able to maintain pressure above tlie threshold 
level Thcrefoie tlie figures foi the highest pressure tliieshold indi¬ 
cate pressures which were only momcntarilv mamtnmed. 

The general pattern of lespunse to the capsule consi-ited of an 
initial pressure, usually strong, follow'cd quickly bv a period of 
weaker fluctuating or steady prcssuie In most instances the fiuctua- 
tions ceased at least for a time; m otiici instances they continued as 
long as the capsule was held 

Pressure patterns aie determined to a great degree bv individual 
differences in the infants. Some infants always niiuntaincd a steady 
pressure on the capsule, others pressed it in a rhythmic fluctuating 
manner; and many others held it with occasional sporadic movements 
of contraction and relaxation of grip. Two infants (20 weeks and 
24 weeks respectively) alw’ays gripped the capsule with great force 
and at the two low’cr thresholds maintained this grip with enough 
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pressure to deflate the capsule completely Incicase m general 
body activity was accompanied by fluctuating rcenforcement of 
gripping pressure, reduction of body activity restored, the pressure 
to Its earlier pressure level. At 28 weeks, probably tlie critical age 
(19) in the transition from so-called leflex grasping to voluntary 
grasping, one infant failed (refused?) to close on the capsule with 
the right hand, although he accepted it readily enough with the left 
hand. The forefinger again showed a partial functional isolation 
from the other fingers. 

Comparison of the average pressuies by each of the 4 fingers for 
each age group^^ shows that in general the middle finger led all 
others in amount of pressure at all thresholds with the ring, fore-, 
and little finger following in succession In 12 instances the ring 
finger outpressed the middle finger, in 1 instance the forefinger out- 
pressed all others and in 15 Instances the .iveiage pressure by the 
little finger was greater than that by the foiefingei The average of 
all mean pressures for each finger also shows that the middle finger 
exerted the greatest pressure on the capsule with the ring, fore-, and 
little finger following in order. 

Although the groups are small in number for comparative pur¬ 
poses, the younger infants, birth to 12 weeks, outpressed the older 
ones with the exception of the 24-wceks infants If the means of 
the pressure averages for both hands are combined, the amount of 
capsular deflation was slightly greater at the lowest threshold than 
at tlie other thresholds The amount of deflation as sliown bv the 
average pressure of all fingers was as follows 

lOO-gram ihrc^hold 9 5 grams 

200-gram threshold S6 grams 

400-gram threshold 7 2 grams 

SOO-gram threshold 8 3 grains 

With the exception of the 1600'giam threshold, it may be stated 
that regardless of the amount of pressure lequired to deflate the 
capsule, infants only partially depress it The coi responding fingers 
of the 2 hands function with remarkable similarity with respect to 
amount of pressure e\eited on the capsule It appears then that 
finger pressure under the conditions of this experiment is a function 
of the resistance of the vicldmg object. In other words, the initial 

of space prevent printing of the complete table of finger pressure 
for ihe S age groups at the 5 threshold levels. 
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resistance to linger flexion by the capsular pressure is generallv 
opposed by a somewhat greater finger pressure 

In the instance of the individual fingcis, as well as the hand, when 
the column of water rebounds, a rivalry between the physiological 
forces of flexion and extension is set up which results in a more or 
less complex alternation of the two reactions The "give” of the 
capsule apparently serves as an Inhibitor on the flexors just as the 
‘‘pull” against them in the proprioceptive response serves as a stimu¬ 
lator. 

The "give" reaction operates under conditions wherein flexion is 
weak or strong Tlie low pressuie capsule gives easily and inhi¬ 
bition of the proprioceptive response begins at a stage when the 
strength of the response is not yet at a maximum The high pres¬ 
sure capsule gives only when the strength of the proprioceptive 
response is considerable Thus, the greater the pressure on the 
capsule by the flexors, the greater also the inhibitory force to closure. 

When finger closure is so weak that the proprioceptive respontic 
18 probably not evoked, the "give" is restricted to the well padded 
volar linger tip When the "give” reaches a point at which there 
IS outright resistance to the flexor tendons the "stretch” response 
occurs Hand closure in response to palmar stimulation docs not 
take place at uniform speed, Fingers at one time flex quickly and 
at another time slowly under conditions which apparently arc similar 
A slowly closing finger usually carries little force and at times comes 
to a stop immediately at contact with an object in Us path A fast 
closing finger is almost certain to go to gripping, inasmuch as its 
speed will carry it beyond the pad-yielding stage into the more effec¬ 
tive "stretch” producing stage 

Hand Pressure between and During Feeding Periods 

A 5-minute record of hand pressure of 10 bottle-fed infants, 4 
girls and 6 boys, was made in the morning at the Interval mid-way 
between feeding periods. Another record of these infants was taken 
which coveicd the noon feeding penod. The latter record began 
five minutes before feeding started and continued throughout feeding 
The bottle was hidden from view during the pre-fceding penod. 
The infants used their customary nipples through which the milk 
flowed easily. Feeding periods varied m length from minutes 
to 1444 minutes Records ot three othci babies who cried during the 
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course of the cxpeiiment A\eic not used All lecoids shown are for 
the right hand 

The apparatus foi legisteimg hnnd picssuic consisted of the hand 
capsule, previously described, which communicated by means of 
a tliick-wallcd lubbei tubing, 3/16" inside diametei, with a uatei 
manometer. A float in the manometer recorded piessuie on the 
duim of a kymograph while a time maikei lecoided 15-sccond 
mteivnls 

III all 10 cases the giasping lecoids made during the 5-minute in- 
tcival 111 the morning diffeied so little from the letoids made 
during the pie-feeding period that a dcsciiption of the latter lecords 
suffices to covei the giasping reactions at both peiiods. 

Grasping during the 5-minutc pcc-fecding period was chaiactcnzed 
by alternate stiong oi weak giippiiig and paitinl oi complete releas¬ 
ing of the capsule so that the picssuie above the thieshold (200 
mm. HjO) varied between 0 and 166 mm HgO. The first reaction 
was usually a stiong tonic gup Fiequciicv of contiaction and lelaxa- 
tion of gnp vaued with the infants Some infants opened and closed 


A 


B 


C 



FIGURE 7 

Hind Pressure at Fpedinc Period 

ILind pressure of n 10 weeks male infant (A) foi 1 minute before feeding, 
(B) for 1 minute al start of feeding and (C) during the last minute of the 
feeding period The upper line in each case is the pressure curve, the lower 
line is the time line marked off in IS second intervals Sucking was almost 
constant throughout the 9J4 minutes required for emptying the bottle Note 
the great fluctiintions in band pressuie before feeding begins, the sudden 
increase ns the bottle is prcsenled followed by the rapid irregular decrease 
during the first 5 seconds of sucLing and the more gradual decrease there- 
nfter Note also ihc relative steadiness of hand pressure throughout the 
feeding period 
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the hand lapidly (once oi twice pei second) ; othois tmhtencd and re- 
Jeased the giip slowiv The moie lestlc s infacts contiacted and lelaxed 
the fingers rapidly several tunes and then released the capsule. This 
process was lepeated throughout the period. The others, after 
giipping the capsule strongly, maintained a low and slowiv fluctuat¬ 
ing pressure with infretjuent partial or complete lelease. Individual 
records ovei the 5-minute pciiod show that the infants at irregular 
intervals maintained pressme steadily enough to be classified as 
phatcaus (see Figure 7A) Jnciease m body activity W'as alwai's 
accompanied by marked fltictuations in hand pressvne at a Inghcr 
pi essuic level. 

Concomitant with introduction of the nipple thcie occviired mailced 
fluctuations m hand pressure The anticipatoiy opening of tlic moulh 
was accompanied by general incicasc m activity of the body. The 
rapid changes m muscular tension were reflected in the equally 
rapid movements of liand flexion and relaxation. These rapid 
oscillations in hand piessuie quickly subsided as sucking became 
"tcady and a sharp decline in pressure took place Table 17 shows 
tlie course of hand pressure duiing the feeding period of each of the 
10 infants The age, sex, duration of the period, and the beginning 
prcs^uie appeal in order The pressure at the minute interval 
and, aftci that, at the end of each successive minute is lecorded. 
Final pressure, retention or release of capsule, and state of rest of 
the infants at the end of the feeding period complete the table. 
Records of hand pressures taken at intervals between those indicated 
m the table show that variations occurred wJiich do not appear 
above In general, such variations weic small. Renewed sucking 
usually brought with it a sudden rise in hand pressure which was 
usually followed by a slow decline until the former low pressure 
mark was attained oi the capsule was lelcased. The curve during 
steady sucking lesembles a plateau (see Figure 7B and C). The 
records show that foi these infants the initial high fluctu.ation and 
rapid decline of hand piessure were followed either by steady and 
relatively low pressure which diminished slowdv during the feeding 
period, or by one or more successive pressure plateaus each of which 
was preceded by a short niegular rise in hand pressure In six 
instances pressure at the end of the feeding period was below the 
pressure threshold. In four of these instances the capsule fell trom 
the liand; in the other two case<; the pressure on the capsule was 
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strong enough to pi event Us slipping In the four remaining in¬ 
stances pressures fiom 9 to 44 mm HjO above the tliresholil were 
maintained at the end of the feeding period and in one of these in¬ 
stances the infant was diowsv 

It seems clear that a veiy definite relationship exists between 
satiation and gusping The physiological condition of the organism 
at the beginning of the feeding period when the infant is hungry 
serves as a reenforcing agent to grasping, whereas the state of the 
organism at satiation appaientiy serves as an inhibitor to forceful 
grasping (39, 38, p 173) Thus, at the stait of tlie feeding period 
the infant clutches stiongly at objects witbm the palm At the end 
of the feeding period lie grasps weakly oi not at all. Tiie infant 
also giasps more icadily at the beginning of the feeding period tlian 
at the end Foi example, removal and reinsertion of the capsule 
evoked instantaneous and strong giipping in the instance of six 
hungry infants and only occasionally weak and rclativclv slow finger 
flexion in the instance of these infants at the end of the feeding 
period. 

The following is a running description of the reaction of the 
right hand of a 10 weeks male infant to the capsule before, during, 
and after the feeding period The record began 10 minutes pre¬ 
ceding the introduction of the bottle, and continued for 15 minutes 
after the feeding period. The actual feeding time was IS^/s 
minutes. 

In the 10 minutes preceding feeding there immediately occurred 
seven periods of very fluctuating hand pressure ranging from 0 to 
148 mm. H^-O Between these periods weie mterv.als ot low pressure 
plateaus, 22-53 mm H 2 O. The former periods lasted from 8-15 
seconds; the latter from 7-30 seconds Then followed about 6 minutc-< 
of low pressuic (avc 17 mm H 2 O) during winch frequent (14) 
small fluctuations and infiequent (2) large fluctuations appealed. 

Piesentatioii of the bottle was accompanied by an immediate 
increase in prossuie to 122 mm HyO The picssuie, at lirst vciv 
fluctuating, sank quickly (svith the interruption of one increase) to 
56 mm H 2 O, after which a slow diminution in pressure brought the 
level to 36 mm H^O after 3j4 minutes of sucking A long period 
of lou' steady grasping followed during which time the jnessure 
varied slowlv fiom 26 to 48 mm H 2 O, with minor fluctuations 
accompanying changes in sucking rhythm, breathing, or body posture 
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At 12V| minutes of feeding the piessuie fell to 0 and lemained there 
for a time FinnlU n steadv piessuic of 26 mm HoO was maintained 
for the last minutes. 

When the bottle was removed the Infant retamed the capsule 
A\ ith a steady picssure of 17 mm HjO (ave ) with occasional small 
fluctuations from 0 to 35 mm HoO At tunes the capsule lav loosely 
within the nalm Howevei, at no time dining the last 15 minutes did 
he onen his hand and drop the capsule. 

Tliese comparative records of the amount and coutsc of grasping 
pressure at intervals between, befoie, during, and after feeding 
periods have a distinct bearing on the relationship between the 
activity of the organism at the time of eliciting the lesponse and its 
strength. 

When feeding takes place without apparent frustration of anv 
sort (i e., milk flows through the nipple m satisfying amount for the 
infant), and no external handicaps, such as removing the bottle or 
shifting his position, arc imposed, the infant’s movements which 
at the start of the feeding period are probably induced by tlie physi¬ 
ological conditions of hunger, diminish In number and amount from 
a relatively high state of activity to a more or less passive state. 

Aside from the immediate physiological changes in the organism 
due to the transformation from a state of hungci to a state of satia¬ 
tion, a factor which piobably contributes to the reduction of general 
activity and hand piessure is fatigue A considerable amount of 
muscular energy is expended in the acquisition of food. Sucking 
and crying aie perhaps tlie Wo most vigorous activities carried on by 
the infant. In sucking the mouth legion is not the only part .acti¬ 
vated The entire organism partakes vigorously In the assault upon 
the food supply The output of eneigv gradually diminishes as 
the point of sati.ition approaches It appears likely that phystologic.al 
conditions of fatigue account at least in part, for the gradual reduc¬ 
tion in hand pressure during the feeding peiiod Hunger stimulates 
the infant to greater body activity which is icflected m increased 
grasping strength Fatigue is accompanied bv a decline in activity 
which in the case of grasping is revealed in leduction of hand 
pressure. 
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Relation or Activity and Posture to Grasping 

Can the cxpei imentei hy adiott stimulation of the infant’s hand 
evoke at ■vvill one oi the othei of the components of primitive giasp- 
mg? The answei is that ver}' often the response desired can be 
evoked. 

Consideration of the physiological conditions underlying the grasp¬ 
ing situation may aid in the explanation The state of activity of 
the infant at the time of stimulation to a great extent dctcimmos 
tlie nature of tlie icsponsc. These experiments show that the 
active infant Is likely to grasp the rod more tightly than is the quiet 
infant The infant who lies quietly, his muscles in a state of rest, 
differs physiologically from the infant who is constantly in move¬ 
ment, whose muscles arc altcrnatelv contracting and extending. 
Espcciallj' IS this true where aim activity is extensive The relaxed 
infant is not “set” for quick reactions oi scvcie excicisc of his 
ncuio-musculatuie, and conversely, the active infant is not "set” 
for slow icactions or loose giaspmg If, therefoie, certainty of 
gripping IS souglit, stimulate the palm of the active infant If 
merely closure is wanted, tiy the placid infant 

Although posture is largely dcteimined bv activity or lack of 
activity, the position of the hand gives some indication of tlie type 
of grasping response which may be elicited Perhaps the posture 
(assumed by the infant and not forced upon him by the expcii- 
mcntei) which is most likely to abet loose grasping (closure only) 
is tlie hand in the vicinity of the shoulder. With the balsa rod as 
the stimulus, the experimentei was successful in evoking loose grasp¬ 
ing by 31 of 42 infants ranging in age from biith to 16 weeks In 

^Accepted for publication by Arnold Ge^ell of the Editorial Boaid, and 
received In the Edltonnl O/hce on March 24, 1937 
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Other words 74 per cent of the infants re^onded hy closing lightly 
on the rod while tlie 11 remaining infants grasped it firmly A 
follow-up expciiment on 13 of these infants showed that continued 
stimulation bj' light contact of palm by the balsa rod until four 
grasping responses had been evoked resulted as follows' In 9 cases 
■wherein closure alone was the first response, all succeeding responses 
were light closure In 2 cases wherein closure alone was the first 
response, the succeeding responses were 1 gripping and 2 closure 
responses. In 2 cases wherein gripping fast occurred, the other 
responses were 3 successive grippings by one infant and 1 closure 
and 2 gnppings by the othei infant- 

The relation of aim position to readiness and strength of early 
grasping icsponscs was studied by holding the aim in piedcteiinined 
positions and tlicn inducing the response. There is sufficient evi; 
dence to show that the propi ioceptive lesponse, “clinging," induced 
by suspending an infant by its grasp on n horizontal rod, is gen- 
crallj' of great strength Probably this method of evoking the early 
grasping response best illustrates its force and tenacity Does this 
response occur as leadlly and as foiccfullv when the arms are 
extended In ocher diiections^ Naturally the Infant cannot be sus¬ 
pended ivhcn its aims arc extended down along the trunk or out lat* 
erally. The arms of the supine infant, however, can be moved into 
many positions of extension, and of the possible positions the fol¬ 
lowing wcie selected 

1. Arm extended upward from shoulder 

2 Arm extended hcadw'ard. 

3 Arm extended laterally in line with shoulders 

4. Arm extended close to side of trunk 

5. Arm flexed with hand near ear. 

With the infant facing upward, the palm oi the hand was touched 
firmly but not forcefully with the wooden rod and the immediacy 
and strength of the response noted. If the infant closed his hand 
on the object, the experimenter pulled on the rod to see if the 
infant resisted its withdrawal 

The 36 infants used in this experiment varied from one day to 
24 weeks of age From 4 to 6 infants at each of the following ages 
were tested; birth, 4, 8, 12, 16, 20, and 24 weeks. Inasmuch as no 
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age diflerenccs in the responses weie apparent, tJie icsults for all 
infants were combined When the arms were extended upward 
or headward all infanta grasped immediately and held the rod 
with a film or very strong grip In lateral extension (arm in line 
with the shoulders), 5 infants grasped immediately and strongly, 

13 grasped at once firmly but not strongly, 4 grasped firmly after a 
short interval, 11 held the rod loosely after slow closure and 3 
failed to grasp. With the aim at the side of the trunk 3 infants 
immediately closed strongly on the rod, 7 grasped the rod at once 
With a firm hold, 3 took it firmly after a short time, 8 after exten¬ 
sive stimulation closed tlie fingeis loosely on the lod, and 15 did not 
close on the rod With the hand near the ear, 15 infants closed at 
once on tlie rod. Of this number 4 infants gripped rlic rod strongly, 

7 took it fiimlv at once and 4 closed loosely on it. Of 17 infants 
who closed on the rod after continued stimulation, one gripped it 
hard, 5 held it firmly and 11 held it loosely Pour infants failed 
to close on the lod In general, immediate and strong grasping 
occurred wlien the arm was extended upward or hcadwiird. Imme¬ 
diate and strong grasping occurred less frequently with the arm 
extended laterally oi at the side oi with the hand m the vicinity 
of the ear. More negative responses occuned with the arm close to 
the side than in any other position. 

In comparing the results of this expciiment with those obtained 
by light palmar stimulation, two facts must be considered. First, 
the method of stimulation, as stated above, was different, and second, 
the position of the arm was forced upon the infant in the present 
situation, while in the former instance the position was assumed 
by the infant. 

Magnus (32) has shown that alterations m postural pattern 
accompany spatial changes in position of the body These “atti- 
tudinal reactions’* have been observed in both intact and decerebrate 
animals Probably one of the best known of tlicsc reactions in the 
human infant is the tonic neck reflex which finds the jaw-nnn 
extended and the occiput-nrm flexed Ten supine infants, 3 days to 

8 weeks of age, who assumed tlus posture were tested for gripping 
When a rod was placed in each of the infant's hands, it was found 
that for all infants both rods were gripped with about equal strength 
When these infants lay on their right sides with their heads rest- 
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ing latciallv on the platform, 9 of them giipped the lods as strongly 
With one hand as with the other (Figure 5 B) The 10th infant 
alternately opened and closed his right hand as he giipped strongly 
with his left hand. It was only when the infant’s giip was stiong 
enough to peimit lifting him from the platform bv the left lod ihiit 
the right hand opened with the fingeis in rigid extension (Figuie 
9C and D) In contrast to these lesults Fulton (15) hnds that 
the uppci hand of a lateially placed thalamic monkev exhibits a 
strong ginspmg reflex while the lower hand closes little oi not at all 

Finger Length and Clinging STRtNGrH 

Capacity for supporting hotly Avcight in clinging is, to a large 
extent, dependent on gripping posture. Investigation of the postuip 
of the hands in gi.isping the 1 cm. lod revealed siiiprising diffei* 
encos in size and shape of infants’ hands as well as anomalies in 
clinging. Hands are wide oi nnnow, long oi shoit, and thick or 
tliin, just .as they ate in .adults SimiUiIy, diflerenecs iri Hncer 
length and finger diameter aie cleaily discernible. Examination of 
two infants of 8 weeks revealed diffeiences m dimensions of coiie>,' 


ponding parts as follows 

Length of hand 1.3 cm. 

Width of hand 0 9 cm. 

Length of middle fingei 0.8 cm. 

Diamctei of middle fingei 0 4 cm. 


Fingers of 3 2 cm. or moic in length completely encircled tlie lod 
and presented no difficulty m clinging; fingcis of 3 1 cm or less in 
lengtli failed to encompass the rod and thus cunsidciably handicapped 
clinging An infant with long fingcis starts clinging with the proxi¬ 
mal interphalangcal joints above the rod. When fatigue oveicomes 
the flexing strength at these joints the distal joints often serve to 
check an abrupt yielding^- of the giasp An infant with short 
fingers clings to the 1 cm rod with the second phalanges oi the 
terminal joints immediately above the lod Thus his giip at the 
start IS a precarious one. 

'^'Thc hngers yield in no particular order In clinging by two Uandi 
there is a gradual yielding of all hngers accompanied by a slipping of the 
rod toward the terminal jomis Then a siutden ‘'break'* by one hand At 
this point the infant is caught and held and the other hand removed 
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In view of these diffeiences in size of hands and clingini]; postuic 
measurements weie taken ot the length and thickness of the middle 
fingei of 97 infants whose ages langed from Imth to 24 weeks, 
The disMnce fiom the pioximal to the distal exticmitv mms found 
hv flattening the palm against a tiaiispaient milliinctiic scale’* 
The width of the proximal phalanx of the extended fingei was detcr« 
mined by calipeis 

The aveiage length of the middle fingers of the 97 infants was 
3.19 cm The cucumfcience of the lod was 3 14 cm. Infants whose 
middle fingcis easih' enciicled the lod were classified as long- 
fingered (3 3-3 8 cm); infants whose middle fingeis just about 
leached aiound tlie rod weic grouped as mcdium-fingeied 
(3.1-3 2 cm.), infants whose hngeis wcie dcfimtclv too shoit to en¬ 
compass the lod were grouped as sliort-fingcied (2.7-3 0 cm.) 
Table 18 shows this classification Ochei items Include the niimbci 
of male and female infants »n each gioup, average weight, average 
clinging strength in giams for light, left and both hands togcthci, 

‘“This method and a special photographic method aie now in use for 
measuring segments of the body Measurements thus obtained will be pre¬ 
sented at a later date There are no av.ulnbie recoids on the length of 
fingers of young infants Accoiding to Scammon and Calkins (+2, p 224) 
the calculated length of the middle finger at birth is 3 47 cm 



FIGURE 8 

Mean Strbngih of UftATfiBAi. and Unilateral Clinging Responses in Per 
Cent of Body Weight Supported for Long-fingered, Medium-fingered 
AND Short-fingbrhd Infants 
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average per cent of body weight supported in unilateral and bilateral 
clinging and number of infants who supported their entire weight 

The data show that each infant supported a certain portion of his 
weight in clinging by one or both hands. The long-fingered infants 
were supeiior to the other infants in clinging strength both m grams 
and in per cent of body mass supported (Figure 8) Table 18 shows 
that tile long-fingered group supported an average of 849 per cent 
of their body mass in bilateial clinging The medium group sup¬ 
ported 76.2 per cent and the short-fingered group supported 78.8 
per cent of their body mass in bilateral clinging. The long-fingered 
group was also superior to the other groups in unilateral clinging. 
Twenty, 01 50 per cent, of the 40 long-fingcrcd infants supported 
theii entire weight in bilateral clinging, whcicas only 3, or 12 
per cent, of the 26 mcdium-fingeicd infants, and 5, or 16 per cent, 
of the 31 shoit-fingered infants supported themselves. 

Relation or Diamleer or Roo to Clinging Strength 

The eftect of the size of grasping surface on the strength of the 
clinging response was determined by having infants cling to rods 
of different diameters (Figure 9) The first rod had a diameter 
of 1 cm ; the second a diameter of 3/16 of an inch. With one ex¬ 
ception the precautions and method of testing were similar to those 
used in the earlier experiment in determining clinging strength In 
the present cxpeiiment the time of testing began two hours after the 
feeding period and continued to the next feeding period. The 
infants were first required to cling to the large rod and then, after 
a three minute rest, to the small rod The larger rod was used first 
because it was less distuibing in its eftcct on the infants The small 
rod cut sharply into the palm and often icsultcd in crying The 
hands were alwa 5 's massaged after the 3/16 rod was used. Two 
groups of infants were tested Sixtv-four infants clung unilaterally 
(witli the left h.snd) and 62 infants clung bilaterally. The results 
tabulated in Table 19 show that on the average infants supported 
more of their weight in clinging to the small rod than in clinging 
to the large rod. This is true for clinging by one or both hands 
Of the 64 infants who clung unilaterally 10, or 15 6 pei cent, sup¬ 
ported their entire weight from the 1 cm rod, whereas 33, or 51 6 
per cent of them supported themselves from tlie 3/16 inch rod. Of 
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FIGURE 9 

BtrATERAt CLIMOINO BV 8 'WEEKS BOY (A) TO LARGE ROD, DiAM I CM, 
AND (B) 10 Small Ron, Diam 3/15 inch 
More that Icfc hand grjp on small rod U weakening, Note sharp hip 
flexion Unilnternl clinging (C) tn laige rod and (U) tn sinnll incl Note 
how completely fingers encircle small lod Compare posture m bilateral 
iind unilateral clinging Note especially the rigid extension of the fingeis 
of the free hand in iinilatcial clinging. 


the 62 infants who cluivg bilaterally 20, or 32 3 per cent, supported 
their weights fiom the 1 cm lod while 36, oi 58 1 pet cent, of them 
supported themselves from the 3/16 inch rod. The average ago 
of the two gioups was 10 5 weeks, and 1 1 1 \veeks lespectlvely 

Observations by the cxperimenteis and two assistants confiiin the 
fact that infants nioie easily suppoit their weight tiom the 3/16 
inch tod than from the 1 cm. rod but that the use of the former rod 
was moie frequently attended by dying 

A review of the individual icaults shows that when tlie left hand 
alone was used theie were 39 instances in xvhich infants exhibited 
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greater strengtli in clinging to the small rod than to the large rod 
In 9 instances they clung with greater strength to the large rod and 
in 16 instances clinging strength was equal for the two rods When 
both liands were used greater clinging strength was indicated for 
the small rod on 33 occasions and for the large rod on 8 occasions 
In 21 instances infants clung as strongly to one rod as to the other 
Thus infants in general clung with greater strength to the 3/16 
inch rod tlinn to the 1 cm rod These results are discussed at 
length later. 

Discussion 

The investigation sought to answer several questions concerning 
the early grasping response. Perhaps ccitamty of grasping depends 
on conditions inherent m the hand, such as the points stimulated. 
There is no evidence to support this statement Apparently one point 
is as effective or ineffective as another in evoking grasping Pci haps 
size, shape, hardness, smoothness or some othei quality of the object 
IS the determining factor in evoking the grasping reflex. The re¬ 
sults obtained with the several types of rods show that such is not 
the case Infants grasp harmless objects indiscriminately Perhaps 
the weight of the object or the pressure with which the object is 
applied to the palm affects grasping. Comparison of the results 
obtained from light pressure stimulation and from stimulation with 
the rods indicates that the latter situation was more effective in 
evoking grasping. However, whereas light pressure may be con¬ 
sidered as approximately pure tactual stimulation, application of the 
rods against the palm stimulates not only the skin but the proprio¬ 
ceptors of the deeper tissues Thus in the case of the rods the in¬ 
vestigator 18 not evoking responses to palmar stimulation as such 
The differential responses which may be expected to result from 
these two forms of stimulation arc discussed fully at a later place. 

Light pressure stimulation of the volar aspect of the hand is pei- 
haps the most effective method of evoking the closure response 
However, this form of stimulation frequently failed in its purpose. 
The present experimentation with the camel’s hair brush and balsa 
paddle and an earlier study (21) reveal that the hand often re¬ 
mained quiescent or withdrew from the stimulus In fact, closure m 
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response to tactual stimulation occurred more ficquentlv with older 
infants than with vounger infants 

Failure to respond to stroking by the camel’s hair brush may be 
attributed m pait to a high tactual sensibility threshold in early 
infancy (19, p, 239) In other words, it is possible that the infanti* 
do not sufficiently sense the stroking pressure to respond to it In 
this connection it is lecalled that stimulation with the rod of nails 
evoked anomalous reactions Some infants cried upon giipplng the 
rod lightly; othcis cued only when it was gripped fumly or pulled 
by the experimenter, others did not ciy at all even when the rod 
was pulled stiongly by the experimenter 

Under the method of piesentation of the stirmp no difficulty was 
experienced in inducing static gripping by infants up to 24 weeks 
From 28 to 52 weeks failure to gii'p occurred witii mcicasmg ir¬ 
regularity Up to 24 weeks only one trial was required to elicit 
gripping by either hand After 24 weeks failure to grip was rarely 
followed by giipping on succeeding tnals. Apparently then, the 
method most likely to evoke gripping is to place the stirrup rod in 
the palm with one hand and pull the arm up with t)ic otbci band, 
while holding the lod in place Full extension of the arm apparently 
IS resisted by the entire flexor system of the arm. Hence the re¬ 
sistance to extension by the fingers represents only a fraction of the 
total resistance to aim extension With many infants the clinging 
reflex was often obtained with the elbow and shoulder at varying 
degrees of flexion 

Clinging by both bonds and clinging by one hand are physio¬ 
logically diffeient situations In the foiincr instance both shoulders 
are raised simultaneously fiom the platform in a bilateral fashion, 
in the lattci instance, the infant is raised in a unilatcial manner. 
The tiunk rolls away from the direction of the pull so that the 
arm is abducted at the shoulder Tlic postural change involved in 
the two types of clinging brings about a shift in muscular tension 
of the paits of the arms and shoulders (Figure 9) Therefore, it 
IS expected that the dinging strength of the hands acting together 
will differ from the combined clinging stiength of the hands tested 
singly. As a rule, the combined strength of the two hands in uni¬ 
lateral clinging was greater than the strength of the two hands 
in bilateral clinging Infants in general gripped moie strongly with 
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one hand than with the other. Tables 6 and 7 show that the left 
hand was usual!}' the dominant hand In a few isolated instances 
infants gripped as strongly with one hand as with botli hands. 

Anomalies m clinging occurred. Older infants sometimes gnpped 
the stirrup bilatcially but would grip with ncithei hand or witli 
one hand only when tlie stinup was unilateiallv presented Other 
infants giasped with one hand only, icgardless of the mannei of 
presentation of the stimulus 

Tile investigation shows that the amount of piessuie exeited on 
yielding objects by the hand and by the individual fingers m the 
piopriQceptivc situation appears to follou' a physiological law, i e , the 
amount of pressure vanes directly with the lesistance of the object 
Now "the special feature of the leflcv is that impulses fiom tension 
receptois within tlic nui-cle cause its development" (9, p 47). If, 
then, as Sherrington and his colleagues state (9), a small pull on a 
muscle activates a tew tension leceptois, wheieas a stiong pull acti¬ 
vates a gicBtci number of receptois, the resistance of a low pressure 
capsule will be met bv a weak reflex, wheieas the lesistance of a 
liigh piessuie capsule will be opposed by a conespondmgly strong 
reflex This conclusion is also m accord with what occurs wlicn the 
invcstigatoi pulls on a rod held by an infant; namely, the stronger 
the pull, the greatci the resistance to the pull bj the finger flexors 

The results show that long-fingeied infants were supeilor to short- 
fingcied infants in clinging stiengtli Similailv, investigation of the 
piopiioceptive response in the individual fingeis shows that the 
third finger (the longest digit) led its fellows in clinging stiength 
In addition, lesults obtained in giasping a yielding object indicate 
stJonger piessure by the middle finger than by the othei finger^; 
Fiom the standpoint of mech.anics the fingers m giipping represent 
a system of levers in which the proximal intei phalangeal joints 
serve as the fulcrum. In chngurg, a given rod presses against a 
point which IS relatively closer to the joints of the long fingeis than 
to the joints of the slioit fingeis Thus the advantage in giipping 
leverage lies with long-fingeicd infants (Theie \veie no outstand 
mg sex diftercnces m finger lengths ) Although fingeis v.iried gieatlv 
in diameter, infants with long thick fingers weie not supciioi to 
infants with long slender fingers in clinging strength. 

Greater grasping strength v-'as manifested in clinging to the small 
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rod (3/16 incJ) diam ) than in Llingjng to t!)c large lod (1 cm 
diam,). In addition, more infants suppotted then entire weight fiom 
tlie small rod than fiom the iaigc rod. The piinciplc of the level 
IS again applied in explanation of this fact Of the two rods the 
smallei one fits closci to the joint of a flexed fingci. Therefore, in 
clinging, the smaller rod pjesses against a given phalanx at a point 
so close to the joint (fulcium) that a iclativcly great foice is re¬ 
quired to oveicomc the flexor strength (finger leverage) A large 
lod presses at a point moie lemotc from the joint, hence the force 
lequued to oveicomc the stiength of fingei flexion is relativclv 
wcalf. 

The giasping leflex was raoie consistently and stiongly expiesscd 
bv the 3 ulnar fingers than by the foieiingei In fact the forc- 
lingci often failed to icspond with the othcis in both closure and 
gripping situations Thus its aloofness from tlic otlici fingeis 
appears early in life The unusual display of strengtli by the thice 
ulnai fingers in gapping was noted by Mumford (35) in 1897 

The grasping icficx functioned with gieater readiness and stiength 
foi active and foi hungry infants than for passive or satiated infants 
The strengtli of the reflex diminished duimg the transition from 
liungei to satiation Fiustiation (with)iolding food) during liunger 
piocKicecl rapid and extensive fluctuations in the strengtli of tire 
static stretch reflex No notewoithy sex diftcienccs in guppmg 
stiength appeared in the feeding situation. 

Other conditions which contiibuted to the variability of the eaily 
grasping icsponse were* age diftejences (21), inconsistencies in stimu¬ 
lation, postural changes, diftciences in the force of the pull on the 
flexor tendons, and diffeienccs in degiec of flexion of the fingers 
at time of piesentation of stimulus. 

The very fact that the eaily giasping response is a 2-coinponcnt 
activity instead of a simple reflex complicates analysis of the factois 
which contribute to the vaiiability of the response If one com¬ 
ponent vanes in speed oi vigor, the othci may vaiy rn similni man- 
nei. Foi example, if .in infant closes the finccis slowly he will 
probably tighten them slowly with little display of energy; or he may 
close and giip with one swift movement in whicli it is impossible to 
separate the two activities At othci times one component varies 
With the other in a mannei which gives them the appearance of 
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being phvsiologicnUy Independent activities (21) As an illustra¬ 
tion, an infant mav close the hngei^ slowlv without appnient eltotc 
but, upon contacting an object within the palm, go to sudden grip¬ 
ping; 01 , as another illustration, palmai stimulation may fail to 
evoke finger closure, whcicas a “pull” against the flexors will call 
forth a quick strong pioprioceptive reaction Again, infants often 
close on an object placed against the palm without giipping it, or 
they will giip with one hand and only close with the other 

The closure leflex was often delayed This investigation and an 
cailici study (21) show that the amount of stimulation leqmred 
to evoke closuie varied greatly In time and that frequently this re¬ 
sponse occuned only aftei piolonged stimulation Closure time, giip¬ 
ping time and the inccival scpaiating these activities also varied 
greatly 

The presence or absence of the grasping icficx is frequently deter¬ 
mined by noting whcthei or not an infant closes his fingers on an 
object placed against his palm. If the fingers close on it, the reflex 
IS piescnt, if tliey do not close on it, the reflex is no longer present 
(21, p 47). The other method for determining the presence of 
the grasping reflex is to place a rod against the infant’s palm, close 
the fingers on the rod (if the infant docs not close them), and pull 
on the rod If tlie infant resists the pull, the reflex is present, if he 
does not resist the pull, the reflex is no longer present. It is appar¬ 
ent that these two methods diftcr with respect to the manner of 
stimulation .and also to the nature of the response In fact the re¬ 
sponses obtained by the two kinds of stimulation stand in direct 
contiast phj'siologically. The fiist method seeks to evoke finger 
flexion by means of cutaneous stimulation; the second seeks to evoke 
gripping by piopiioceptivc stimulation The first method seeks to 
flex the fingets, the second to extend them. Thus the first method 
intends no opposition to flexion; the second intentionally opposes 
flexion to evoke stiongci flexion. 

Confusion concerning the early grasping lesponse is due m part 
to failure of investigators to distinguish between the closure reflex 
in response to palmar stimulation and the pioprioceptive reflex 
due to stretching the flexor tendons of the fingers. When the inves¬ 
tigator places an object lightly against the infant’s palm the grasp¬ 
ing response, if it occurs, follows I of 3 courses The fingers may 
flex without closing on the object; they may flex enough to press 
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liglulj' against the object, oi they mav flex tightly on it ab in 
clinging In the latter instance the gripping is piobably due to the 
stretching of the flexor tendons The fingeis in closing customaiily 
come to rest with their tips near oi against the palm When their 
course is blocked by the presence of an object, the resistance thus 
unexpectedly introduced to flexion stimulates into action the pio- 
prioceptive lesponsc When the investigator pulls on an object in 
the infant’s hand the proprioceptive reflex is immediately evoked 
This reaction winch is a clinging lesponsc is essentially identical with 
the infant's clinging response in suppoiting his weight Physiological 
diffcienccs aie to be found m the number of muscle fibres which ic- 
spond m each case, because the gieater the pull, the greater the 
number of motoneurones (and muscle fibres) excited to action (9, 
pp 4748) Inasmuch as measuies of the strength of the grasping 
response are aluTiys obtained either by the "blocking” oi by the 
"pulling’' method, these measuies indicate the strength of the proprio¬ 
ceptive reflex 

During the first few weeks of life the infant's hands are pre¬ 
dominantly closed. As a matter of fact his hand often must be pried 
open foi insertion of the object. Thus when an object is placed 
against the palm, the customarily flexed fmgcis will most probably 
close on the object This closure reaction may not occur during 
sleep or after feeding In clinging, infants liold on to the rod 
because they cannot release then grip. The stronger tlie pull 
against the fingers, the greater the strength of the “stretch reflex” 
so evoked 

That the closuie and “stretch” components are separable is shown 
by responses to palmar stimulation with the balsa paddle and the 
camel’s hair brush These responses indicate that light pressure 
stimulation only infrequently evokes the “stretch” reflex. The 
fingeis usually close slowly, gencially with the terminal joints ex¬ 
tended (giving tile impression of seaiching oi feeling for the stimulus 
object). If the fingers do not contact the object, they often fad to 
close against the palm 

In this connection it is significant that the infant who goes directly 
to gripping, ilexes all joints of the fingers sharply so that their tips 
point into mid-palm. The infant who first closes the hand before 
he grips, flexes the fingers relatively slowly The tips of the fingers 
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describe a gieatci tiic and come to rest against the palm near the 
wrist 

An earlier studv (21) diftcientuites these giaspmg components 
In 103 o{ 130 grasping responses by infants of 4 to 20 weeks of 
age, closure and gripping wcie sepaiately tuned 

The distinction between finger closuie and the “stretch” reflex 
IS seen in instances of "forced giasping” in adults with lesions of 
the pic-moter aicn of the coitex Adie and Ciitchlej (1) state that 
the patient may be able to manipulate objects with the fingers 
Light stroking of the palmar surface causes a slow clasping move¬ 
ment of the fingeiS) wheie.is objects placed against the p<alm aie 
held in a “ciainplike” giip Walshc and Robeitson (52) lecog- 
nize two distinct and scpaiable giasping phenomena which aie asso¬ 
ciated with fiontnl lobe lesions, viz, a volItlonaP^ component which 
consists of fingei closure elicited by tactual oi visual stimulation and 
a leflcx component—a tonic innervation, oi “stietch" leflex, elicited 
by pulling on the flexoi tendons The leflex component corresponds 
to the clinging (propiioceptivc) response in infants, wheieas the 
volitional component has its counterpart in early fingci closuie In 
the infant, howcvei, closure has not as yet attained the status of a 
voluntary activity. In this connection Jacobsen (26) finds that 
extirpation of the pre-motoi area of primates lesults m foiccd 
giasping and in transient loss of the finei movements of the fingeis 

Stretch leactions are classified as “phasic’’ and "static” ‘When a 
tendon is biiddenlv stietched it lesponds \Mth a jerk oi “phasic” 
le.'iction. A slow continued pull on the tendon gives use to a sus¬ 
tained Oi “static” reaction (9, p 50). Both of these types of le- 
sponse, as well as closure, function eftcctivcly m giasping during 
early infancy Fingei closuie is the fiist of these lesponses to dis¬ 
appear. The "static” reaction weakens lapidly during the second 
hah yeai of life 

Under normal conditions the "phasic” reaction functions in the 
finger flexors thiougliout life. If a rod is placed against the volar 
surface of the terminal joints of the loosely flexed fingers and pulled 
suddenly, the immediate response is a flexing movement of the fingeis 
in opposition to the pull, Knowledge of the nature of tlie response 

“Whether or not finger closure in this instance is volitional or reflex does 
not concern the writer (IS) The lecognition of the closure and “stretch" 
reactions as distinct grasping responses is the significant thing 
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,md ef¥orts to aveit its occurrence affect the leflex but little. Imme¬ 
diately after the occunence of the reflex, the adult can extend the 
fingers and relctise the rod In othei words, continued pulling does 
not further stimulate the flexors reflexly With the young infant, 
however, continued pulling on the lod remains an effective stimulus 
for the “stretch” response. In experiments on cats and dogs it has 
been noted that “m anaesthesia and in circulatory collapse” the 
“phasic” reaction continues to function long after the “static” ic- 
sportse has disappeared (9, p 51). 

A chaiactciistic feature of the closuie coiuponent is that its ac¬ 
tivity IS more or less confined to the fingers Complete closure is 
attained when the digits contiact fully against the palm witliout 
stretcliing the flexor tendons Although the piopiioccptive com¬ 
ponent 16 most appaient I'n the fingers it is not an isolated .activity. 
It exceeds closure both in vigoi and in capacity to excite olhei ic> 
flexes. A pull on the fingeis produces a stretch in the flexors of 
all joints of the aim. The elbow flexois in particulai manifest a 
powerful pioprioceptive reflex, while the wnst often contiacts sliong- 
ly. In bilateral clinging the legs are drawn up sharply by the power¬ 
ful Ijip flexors, and m very stiong bilateral clinging aim posture 
resembles that of adults in "chinning ” In any event tlic proprio¬ 
ceptive lesponse is not confined to the hand. From the principle of 
“functional facilitation from overlap of central connexions” (9, 
p 70) It follows that tlie pull on the fingei flcxois sets off a sequence 
or mass (24) of piopiioceptive leflexes, which in eaily infancy in¬ 
volves not only the arm but a consideiablc number of the joints of 
the body {see Figure 6) 

The distinction between fingei movement and “stretch leflex" is 
fuithei shown in an eailiei studv (21) in whicli tactual stimula¬ 
tion of empty closed hands evoked anticipatoiy extension of the 
fingeis Results obtained in the normative study of infants at the 
Yale Clinic (17, p. 110) confirm this st.itoment In this lespcct an 
empty flexed hand contrasts with a hand giaspmg an object in that 
in the latter case the object generally evokes the static propiio- 
ceptive leflex. Thus fingers not engaged in grasping enjov a certain 
degree of fieedom of action, fingers employed in gripping aie lim¬ 
ited to this activity. In this connection Schuster and lus colleagues 
(43, 44, 45) slate that in cases of forced grasping, if a clenched 

h.and was emptj', voluntarj' relaxation of the fingeis xvas easy. Free- 



442 JOURN \L OF GENETIC PSYCHOI OGY 

man and Ciosby (14) observed reopening of the hand when the 
object was not grasped Adie and Cntchley (1) noted that the 
patient was unable to open his hand unless the object was removed 

It was previously stated that voluntary release begins at 28 weeks 
or later and that such release must be accomplished against a resist¬ 
ing surface. Release without resistance begins at about 44 weeks 
In any case iclease (almost without exception) does not occur dur¬ 
ing the fiiSt 24 weeks, although, according to most authorities on 
infant psychology, the grasping reflex disappears before or at this 
time There are, however, great individual differences in release 
ability, and it is tins fact which accounts in large part for the very 
gradual disappearance of the clinging risponsc (or static leaction) 
during the second half of tlie first year Difficulty in lelease of 
objects even at 1 year or later has been observed by Gesell (16), 
Fieeman and Crosby (14) and Halverson (20). It is interesting to 
note that inability to release objects is the outstanding characteristic 
of forced grasping (1, 14, 15, 26, 43, 44, 45, 52). 

The gripping reaction is one of the many primitive adient (22) 
rc'-ponses common in human infancy. These responses arc well 
tiackcd (canalized) If, when one of these responses is evoked, its 
customary course of action is barred, the infant suffers frustration in 
attainment of his goal Frustrations occur early in life With¬ 
holding food from a hungry baby is one way of producing frustra¬ 
tion.^'’ Although the infant’s reactions in this situation are more or 
les^. diftusc (24, 34), they have the appearance of agressivc be¬ 
havior He thieshe‘» .ibout, alteinately stiams and lelaxes his 
muscles, kicks, cries vigorously, rolls and twists. Pulling on a rod 
held by an infant is another method of producing frustration. Al¬ 
though the infant’s movements are limited in scope and direction, 
the flexors, Ins dominant muscles, so function that the strongest move¬ 
ments are directed centially (21). One of tlie earliest of these adient 
movements is the hand-to-mouth reaction The supine infant ofters lit¬ 
tle resistance to changes In posture of the aims which involve only 
flexion. Extension of the joints, particularly elbow and fingers, 
however, is actively resisted by the flexors of these joints, and, as 
already stated, the amount of such resistance vanes directly with 
the force pioducing extension An active infant holding a rod may 


’®The above study of frustcadan will appear in a later paper. 
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wave it about or keep the hand m one position. It the experimenter 
puli'; on the rod tlie flexors of the infant’s arm contract to carry it 
mcdianward. In chngmg, flexor resistance, which is reflected by 
muscular tension and is measurable, frequently leaches a point at 
which the infant by trunk contraction, sharp hip flexion, facial con¬ 
tortions, body throwing, and strident crying, frequently referred to 
as angry erving (4), strongly protests and opposes the pull. 

The resistance, as indicated by its ph 3 'sical and emotional com¬ 
ponents, often assumes a very aggressive aspect Despite the fact 
that the cortex at this time of life functions very incompletely, at¬ 
tempts at reinstatement of the situation may be greeted by a new 
outburst of strong crying, accompanied by sharp, abiupt trunk, 
arm, and leg movements. The band frequently must be captured 
before the rod can be inserted in the palm and the ensuing grip is 
unusually strong. 

In general, investigators of the giaspmg reflex have confined their 
studies to infants of 12 weeks or less and then contented themselves 
with the statement that the reflex weakens as voluntary grasping 
begins While this statement is probablj true, it gives little indica¬ 
tion of the date of disappearance (usually set at 4 to 6 months) of 
the reflex. Interest in the strength of the proprioceptive aspect of 
the response has overshadowed interest in its vanabilitv and dura¬ 
tion 

Investigators naturally have set the date for the disappearance of 
the early grasping response in accordance with the time at which 
that phase of the reflex under observation failed longer to function. 
Thus it IS most probable that failure of closure and absence of the 
clinging response would be reported at different dates One who 
was not particular would date the disappearance in terms of the 
absence of either or both of the components Finally, conditions 
which have been found to affect the response, i e, hunger, satiation, 
sleepiness, etc, may probably have been ovcilooked in determining 
the presence or absence of the reflex 

The time of disappearance of the grasping reflex should be deter¬ 
mined with respect not only to the absence of finger closure in re¬ 
sponse to palmar stimulation but also to ability to release a pre- 
bended object Infants can prevent the hand from closing on an 
object contacting the palm at an age when they cannot open the 
hand to release the object This inability to extend the fingers sig- 
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14 Objects of iliffeicnt materials liave equal stimulus value 
in eliciting reflex grasping 

15. The time of disappearance of the grasping reflex is detei- 
mined in terms of its components The closure reflex apparently 
disappears at 16 to 24 weeks Its proprioceptive component dis¬ 
appears aftei 24 weeks Traces of the ‘'static’' reaction were pres¬ 
ent in one infant at 52 weeks 

16. The grasping leflex is vaiiable in readiness of response, 
speed of closuie (21), duration of grip, strength of grip, and con- 
tiiiuitv of function of its two components. 

17. Diffcieiiccs in method of evoking the giasping reflex account 
to a gieat extent foi repoitcd inconsistencies in its sticngth and time 
of disappeaiance 

18 Closure is confined almost entiielv to activity of the hand 
Its propiioccptivc component is a vigorous and disuse response, the 
peculiar property of winch is its capacity to excite into action odier 
reflexes both ncai and i emote 
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SHORT ARTICLES AND NOTES 


^ NOTE ON RESISTANCE AND RAPPORT IN PSYCHOLOGICAL 
TESTS OF YOUNG CHILDREN* 

Frances Markcy Dwyer 

Frebchool chiidien seldom fail to resist psychological tests, as a whole 
or in part (2) Pronounced resistance at the outset is less common than 
resistance to items withm the test itself and presents a more didlciilt 
problem to the examiner, since effective handling of resistance during a test 
depends m some measure on the rapport that has already been established 
It has been suggested (3) that emotional oulbuists at the stait of a te«t 
impair teit performance; previous orientation experience with the examined 
IS valuable in preventing outbursts of this kind, and postponement of the 
test experience is peihaps the most feasible method of meeting the difficulty 
in many instances 

The cases cited here illustrate procedures that piovcd effective in 
handling pronounced initial resistance, without decrement in test score in so 
fai as could be determined In the Jirst case, infoim'ition on the child’s 
mental status was ucgently needed; the effectiveness of postponement was 
questionable in the light of what was known of his previous experiences 
with intelligence teats In the second and third cases, although the children 
might have accepted the tests happily at a later sitting, the examiner sue* 
ceeded in obtaining a satisfactory test by using proceduies similar to those 
proved effective in the first case. This report is offered foi the purpose of 
suggesting types of procedures that may prove fruitful. A particular pro- 
ceduic vanes in effectivenesa with both the child and the examiner 

I? F, a bov of +2 months, came to ua with a history of "non-testable.” 
On the dav of liia test, following three weeks of nurseiv school experience, 
R was accompanied by the head teachei to the psychological laboratoiy 
The teacher directed him to stay with the examiner, reassured him about 
his return to the group inter, .ind left. R protested verbally, wept, and 
physically resisted her departure The examiner placed R nt the testing 
Cable and encouraged him to cease trying One or two tests were presented 
in an attempt to mouse his iniciest, without success R refused to touch 
the mateiials, continued to weep copiously and demanded that he be returned 
to the nursery school The examiner explained that he mi^ht return after 
some of the games had been done, and then turned awav from him and 
busied herself with note-taking R’s protests continued but becnine less and 


*Accepted for publication by Leta S Hollingworth of the Editorial Board, 
and received in the Editorial Office on January 12, 1937 
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less energetic id the ensuing minutes The cxamiuer left R alone at the 
table to answer a telephone in another part of the room R ceased to cry 
when the examiner began to speak When she completed the call and 
returned to the table, R was busily engaged with the materials on the 
table, The test then proceeded with optimum rappoit 

SM, a girl of 32 months, refused verbally and wept when invited to 
come to the testing room. When urged to contiol her outburst, she came 
quietly hut cried loudiv as soon as she reached the room, wlthdiawing 
toward the door ivhcn she was asked to sit down, The examiner explained 
that she might return soon to the group and continued with preparations foi 
the test S ^^as invited to use a peg boaid, which she lefused The 
examiner made no comment on the refusal and did not uigc het further, 
but built instead a high block structure neai the edge of the tabic In 
reaching for some materials from the nearby shelves, the examiner intcn- 
cioiinlly upset the block siitictiire When the examiner started to letneve 
the blocks from the door, commenting on her own carelessness in spilling 
them, S. burst into voluble talking about (he blocks, helped the examinei 
to pick up the few remaining, seated heiself and proceeded aimably with 
the test She chose the peg board which had been lefnsed as one of the Hist 
games to do 

J C, a. girl of 30 months, come to the testing laboratory without com* 
ment, but withdrew and wept when invited to sit down The exnmlner 
seated her, presented a simple game, and explained that several games weie 
to be completed before she was ready to return to the nursery school J dicw 
nwoy from the table and the materiala, weeping, and the examiner with¬ 
drew from the table and wrote. No further attempts to elicit performance 
were made for several minutes, the slightest move in her direction, how¬ 
ever, caused J to withdraw furthei and to weep moie copiously The 
starting of an autoinobile interrupted the usual quiet of the testing room. 
J burst Into voluble talking about the automobile, and accepted the ex¬ 
aminer’s suggestion that she stand at the window so that she might see 
the car. J was lifted to the window and looked out at the cars in the 
driveway for n moment. She soon became restless and disinterested and 
asked to get down She was helped into her chair and then proceeded, 
without comment or furthei diiection from the examiner, to complete the 
test near her on the table which had been refused a few minutes before 
No further difRculty was encounteied in administering the rcmalndei of the 
test 

S FI and JC were tested successfully on the Stanford-Binet scale several 
days later RF was tested only on the Merrill-Palmer, the test involved in 
the preceding accounts All three children stood in the 99th percentile ou 
the Merrill-Palmer sc.ile S.fF achieved an IQ of 144 on Stanford, and J.C, 
an IQ of 129, Previous to the test experience, RF wns acquainted with 
the examiner onlv thru hei infrequent contacts with other children in the 
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gioup for testing puipoacfl SJt. and J,C knew the examiner as one of 
the part-time teaching staff in the nursery scliooJ Thicc weeks of nurser) 
school experience preceded the mental tesu of SH and JC RT had had 
sporadic nursery school experience jn another institution. 

The writer has made iiae of sinnUar proceduic in eliciting verbal responses 
from children who became embarrassed or leaiatant in verbal tests, Leav¬ 
ing ihe table, shuffling papers, sitting with her back to the child or walking 
about the room, were found to be fairly successful when adequate response 
could uot be obtained m the orduiary face to face test pesitien 

The young child’s lesistance or embarrassment may arise from a mis¬ 
conception of the examiner’s intent By putting herself in the role of disin¬ 
terested onlooker, the examinei perhaps changes the child’s conception of the 
teat situation The examiner’s participation m activities unrelated to the 
child’s teat response and the child’s activities poasihlv Indicates to the child 
that choice is involved rather than compliance It is noteworthy that 
Reynolds suggests that a “break" (n the situation is more likely to be effective 
in o\eicoining resistance than continued insistence on performance of the 
resisted activity (1) 

The wlthdiawal of the examiner and the occurence of a distracting event 
seem to help the child to leinteiprct the test situatioi). In two of the 
instances cited, the dwti acting events weie within the examiner’s control 
(telephone, block building). In the third, interestingly enough, the child 
herielf helped to create the distraction (trip to window). 

The previous family experience of the three children described was 
similai in that all svere the younger of two siblings. The extent and nature 
of their resistance In the test situation may have been inDuenced to some 
degiee by similarity m tamily experience Since their nursery school ex¬ 
perience was the same, so far as duration of acquaintance with the staff 
was concerned, greatei or less famiiiaiity with the nursery school was 
probably not impoitant in obtaining successful response to the test altuatioa 

It must be noted that a leJitively superior group of children ore in¬ 
volved in the instance cited Limited experience with dull preschool 
children suggests that the use of "breaks^” distractions, and seeming dis¬ 
interest in the child's behavior may be momentarily effective in cases of 
extreme resistance, but docs not produce lasting rapport The challenge of 
the test to the brighter child is no doubt of significance m producing this 
seeming diffeience between bright and dull dilldren 

Experimentation m another area of behavioi tends to confirm the 
findings in intelligence test situations reported here, namely, that the 
adult may arouse a marked dcgiec of cooperative behavior by remninlng 
relatively aloof from the child and by directing the child's attention to a 
sudden stimulus before performance is required of him In these experi¬ 
ments also a relatively biight group of subjects was involved 



454 


JOURNAL or GFNCTIC PSYCHOLOCr 


RErtRCNCES 

1 Reynolds, M M NeBaiivism of preschool children Tencfi Coll Coil- 

inb Ednc., 1928, No 288 Pp 126 

2 Rust, M. M The effect of resistance on intelligence test scores of young 

children Child Dcvel. Monog,, 1931, 1-80 

3 STUTiMAN, Rachel, Mental measurement of preschool children New 

York World Book Co. 1931 

Nutscry School 

New Yotk State CoUeae of Home Economics 
Cornell Untveisily 
Uhaca, New York 


A NEW TYPE OF DOUBLE ALTERNATION-* 

Fred S Keilfr 
Introduction 

In three enilicr investigations it hns been shown that white lats can 
master the problem of double alteinatlon under favorable conditions (1, 
4| 5) In one of these studies, made by the present writer, rats were given 
prolonged training in a situntion somewhat comparable to that in which 
Hunter's raccoons (3) were successful An elongated temporal ma^e of 
the elevated type was employed, the subjects were given a single tiinl dally, 
each trlnl consisting of four runs m LLRR (left-left-right-rlght) sequence, 
nnd reward was given at the end of each run. (The lengthening of run¬ 
ning-distance in this maze was cnlciilated, to enhance any possible "ciimiifn- 
tive effects’' of successive runs) Under such conditions both of the animals 
tested over a period of appro'cimately 10 months reached a degice of 
mastery superior to that of Hunter's raccoons oi the monkeys of Gcllcr- 
manii’s maze experiment (2) As in other experiments on this problem, 
however, a high degree of stability of performance was noE achieved by 
the animals within the time limits of the investigation, and it was con¬ 
sidered that this might have been due to one or both of two factors- 
the delicacy of the disciiminntion involved, and a conflicting tendency 
toward simple alternation (LRLR) The experiment hcrexvith reported 
was aimed at the removal of this second possible influence, and utilized a 
temporal maze of a new type The results obtained, although Inconclusive, 
suggest that masteiy of double alteinatlon may be more readily attained by 
rats when the possibility of simple alternation of the LRLR type is absent 

SuDjECTs, Apparatus, and Method 

The subjects used were four female white rats of Wistar stock, thiee 
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months old at the beginning o£ the experiment During the observational 
period, except for unnvoidable breaks in routine, they fed together in tlieii 
home-cage foi two hours daily, after their runs through the appaiatus. The 
food was Puiina Dog Chow, occasionally supplemented with a few grama 
of lettuce 01 other fresh vegetables 

The appaiatiis is repiesented in Figiiie 1 An enclosed runway, 3 mchea 



FIGURE 1 
Temporal Maze 
See text 


wide by 7 inches high, with a wooden floor and mch wire-mesli top and 
walls, was constuiotcd in the pattern of a square with 20-inch sides (outside 
dimensions) At one side was a small door, also of wire mesh, giving ac¬ 
cess to the entrance-food compartment (E F in the hgiire). At the third 
turn in the runway, counter-clock-wise from E-F, was inserted a choice 
compartment with two chambers (D and U) approximately equal in si/e, 
one above and the othci below the leiel of the iiinway itself A thin metal 
block (//), placed at the entrance to the fiist part of the lunway, could 
be laised oi loweied quietly between two grooved uprights by means of a 
cord and pulley Anothei block (I?), of caidhoard, was placed at the 
end of the choice compartment nearest to E-F, this block was so con- 
stiiictcd as to pciinit blocking of either, neither, or both of the two 
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chambers merely bv a pull ot push of a long wooden handle extending 
from the edge of the block to the experimenter A small hole m the \viic 
mesh at the level of the rat’s head and near the right-hand side of t-F 
permitted the insertion of pellets of food, 

The whole apparalus was placed upon a deal table to one end of 
which was attached a ihree-foot-square cardboard screen that served 
to hide the experimenter from the view of the rat, A peephole in the 
screen permitted observation of the rat m C-F and after a given chamber 
of the choice compartment had been entered The handle to block S passed 
through another small aperture* and the cord to block A passed around 
the light-hand edge of the screen When food was pul in E-F the experi¬ 
menter reached aioiind the iight-hand edge of the screen, but this was 
done onlv after the animal had traveled ihioiigh one of the choice chambers 
In n given test the rat was biought to the maze in a cnrrying-cage and 
allowed to run into F-F. The cage was then removed and the door to 
E-F was fastened Both blocks were in place nnd the animal was detained 
until the experimenter had sealed himself behind the screen Block A was 
then raised, letting the animal pass through the opening on his first run 
Simultaneously with the lowering of A behind the rat, block B wns re¬ 
moved from both choice chambers In case of a run through the correct 
chamber, B was not moved until the rat entered E-F Then B was brought 
into position, blocking both chambers against tetracmg, and a small pellet 
of food (about 1/20 of a gram) was dropped through the hole in E-F. 
In ca«« of an incoiiect choice, only the chamber chosen was blocked hy 
B and no further change was made until the rat reached E-F through the 
correct passageway Then B was pulled into f«U blocking position and 
the reward wns given, When the food was eaten, the animni was rendy 
for his next run, under the same conditions of blocking. 

Fiior to the introduction of the double-alternation task each animal was 
given ISO runs in the apparatus (10 runs daily) with neither choice 
chamber blocked During this period three rats chose the lower path 
predominantly from the first, rat No 1 alone showed .Tn initial preference 
for the f/'path, which gave way in the last 50 runs to the D-choices. (In 
none of the animals did there appear any tendency toward simple altera- 

TABLE 1 

Pathway Preference of Rats in the “Up-Down" Temporal Maze Prior 
TO Training in Dourlb Alternation 

Rat 1 Rat 2 Rat 3 Rat + 

Choices Choices Choices Choices 



D 

U 

D 

0 

D 

U 

D 

U 

1 st so 

2 

48 

46 

4 

40 

10 

38 

12 

2nd SO 

12 

38 

SO 

0 

49 

1 

43 

7 

3rcl SO 

42 

S 

49 

1 

49 

1 

44 

6 
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tion of the DUDU type,) This may be appreciated b> a glance at Table 
1 in which the choices of each rat arc recorded lu gioiips of SO runs each 
On the day after these free runs the training in double alteinoijon 
began. The method has been outlined above lincli rat was given one 
trial daily—four successive runs The task set was a DDUU sequence of 
choices On the first two runs the animal was blocked only if he entered 
the U-chnmbor at the end of his run around the nja 2 e, or the second 
two runs he was blocked only in the D-chamber (Both chambers were 
of course blocked behind him after be reached bis reivaid at !i-F) 
Reward was given at the end of each of the four runs whether or not 
blocking or retracing had taken place 

Results 

During an S-months’ period rats I, 2, 3, and 4 were given 166, 167, 159, 
and 165 trials respectively. The composite curves shown in Figure 2 



FIGURE 2 

Composite Corves Showing Prorress in MASTLRt op Doudlf Alternation 

represent the progress of all the tats in the last ISO tnals The unit em¬ 
ployed in the lower cuive is ten trials, that for the upper curve is 40 
runs Table 2 shows the number of the roost common sequences of runs 
chosen by each rat in all the Inals given 

As in earlier experiments of this sort, thcic is some (lifhculty in desig¬ 
nating a satisfactory criterion of mastery. If the problem is considered 
one of mare-lear/img, the standard will be a given number of successive 
correct trials (Hunter chose three in hts 1929 expeninenis) ; but if the 
task IS taken to be one of discriminatioa, the criterion will be in terms of 
percentage of collect runs in a stated period of tune 

In terms of successive correct trials, rats 1, 2, and i achieved as high 
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TABLE 2 


Frequency of Most Common Seoucnccs Chosen 
Doudi e Alternaiion 

During 

Training 

IN 



Rats 


Choices 

1 

2 

3 

4 

DDUU (Correct) 

56 

19 

40 

Bl 

DDDU 

36 

51 

23 

72 

DUUU 

35 

5 

29 

1 

DDUD 

12 

26 

IS 

23 

DUDU 

13 

18 

17 

28 

DDDD 

5 

29 

6 

12 

All others 

9 

19 

29 

9 

as four, four, and six. 

icspectively (Rat 4 did not 

exceed a 

succession 

of 

two during the entire 

experiment) In addition, 

rat No 

1 icached 

a 

succession of three on 

four occasions, and rat No 3 also 

lenchcd one 


succession of five and one of thiee. 

With respect to pciccntage of correct lans oat of 40 (ten successive 
trials) the figures foi rats 1, 2, 3, and + are 90, S7>^, 95, and 85 As in 
tfie case of the otKei ciitenon it la cleai that, with the exception of one 
rat, a high standard ot performance was attained—a standard unequalled 
by Hunter’s raccoons, OellermaDn’s monkeys (tested with the ma^e), or 
the rats of the wi iter’s earliei study 

Conclusions and Discussion 

The evidence cited permits the conclusion that white rats aic able to 
master this new type of double-alteinatioD problem with a degree of suc¬ 
cess not previously reported in the literatuie Furthci generalization with 
respect to the relative value of this method in the analysis of the temporal- 
maze habit IS impossible at the present time because of («) the small 
number of subjects m this and the above-mentioned experimetus, and {b) 
the degree of instability that still chaiacterizes the habit The first of these 
obstacles suggests the means of its avoidance, Init the second is not so 
easily to he met and it is tnoie important. Until greater stability of be¬ 
havior is demonstrable the Insertion of various control testa cannot pro¬ 
vide unequivocal results with respect to the analysis of the mechanism 
involved 

Whether the elimination of the possibility of a simple KL alternation in 
the present method is respansible foi the better performance of our subjects 
is, obviously, questionable Neveitheless, it may be pointed out that no 
definite tendency toward simple DU alternation showed itself in this ex 
penment, either in the preliminaiy or problem runs Moieovei, a later 
attempt to establish a simple-altcination habit (DUDU), in anothei group 
of rats, points in the same direction In 48 trials, following ISO preliminaiv 
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lun'i, there was even leas indication of progress than in the double- 
alternation tests during a comparable period of training 
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